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ANNUAL  REPORT  OF  IRRKiATlON  AM)  DRAINAGE 

i\\esti(;ati()\s,  it)04. 

f  In  providing'  for  the  contimmtioii  of  the  work  of  the  irripntion 

ifivpstigiitions  of  the  Office  of  Expt'i'lnient  Stations  through  the  s«i.soii 
of  1004,  Congrrcss  added  to  the  lines  of  work  already  earried  on  the 
investigation  of  phms  for  tlie  "■  removal  of  weepajfo  ami  siirplu.s  waters 
by  drainage,"  and  changed  the  title  of  the  work  from  •'Irrigation 
investigations"  to  ''Irrigation  and  drainage  investigations."  The 
paragraph  of  the  law  providing  for  this  work  is  as  follows: 

Irrioatiox  and  drainaoe  ivvKHTUiATioNs:  To  I'lmlile  tlif>  Swri'taryof  Aftrk'ulture 
Ui  iiiventigatcainl  report  upon  the  lawsof  the  Stales  niul  Territories  uh  affectinfrirri^rn- 
tinn  an',1  the  riRhtsnf  appnipriatnrs  and  riparian  proprietnnjami  institutions  relating 
to  irrigation  ami  upon  the  use  of  irrigation  waters  at  home  unit  abroad,  with  espe- 
fial  mipKestions  of  the  IkwI  luethdls  for  the  utilization  uf  irrigation  waters  in  apri- 
culture,  and  upon  plans  for  the  removal  of  set'iiaKe  an<l  suriilns  waters  hy  dniiiiajje, 
an<i  upon  the  tise  of  different  kinds!  of  power  and  applianoefl  for  irri^ratioii  and 
drmnap-,  and  for  the  preparation,  printing,  and  illustration  of  reports  ami  bulletins 
on  irripition  and  drainage,  includint;  eniploynaenl  of  laljor  in  the  dty  of  Washington 
or  elsewhere;  and  the  agricultural  exiieriineut  station.'*  arc  hereby  authorize<l  and 
directed  to  c-ooperate  with  the  Secretary  of  Atfricultun-  in  carrying;  out  said  investi- 
mtioits  in  such  manner  and  to  such  extent  iw  may  l)e  warranted  hy  a  liue  regard  to 
the  varying  conditions  and  needs  and  laws  of  the  respective  States  and  Territories 
as  may  Ih'  mutually  a«free<l  uiion,  and  all  necessary  expenses,  sixty-seven  thoiLsand 
five  hundred  dollars. 

As  suggested  by  the  law  the  work  is  carried  on  \ory  largely  in 
cnop«"mtion  with  the  agriciiltural  PXjxTinient  stations  of  the  States, 
thereby  securing  the  n.so  of  their  eipiipincnt  and  the  services  of  their 
.scientists  at  an  e.vpen.se  much  smaller  ihun  would  be  required  to  do  the 
same  work  independently  of  the  stations,  while  the  cooperation  with 
this  Office  enables  the  stations  to  enlarge  their  work  on  these  lines  to 
an  exli!ut  which  wonld  be  impossible  withmit  tln^  funds  -jupplicd  by 
this  Offic*.  This  cooperation  htis  also  brought  about  a  degree  of  coor- 
dination in  the  work  of  the  various  stations  which  would  not  otherwise 
exist.  The  function  of  this  Office  in  this  work  has  licen  to  bring  about 
a  degree  of  harmony  in  the  work  of  tho  stations  and  to  bring  together. 
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dipest,  1111(1  pul>li>Ii  tlio  ivsults  of  cxiiiTiiufnts  aiul  oUscrvjitions,  rnn- 
sidcred  from  u  statuipniut  lirciuiliT  llijiu  timt  of  luiy  of  tlie  iiidividiiul 
stations.  The coope rati Vf  work  has  in  soino  cases  been  aided  by  Stnt« 
apjirojiiiiitions,  (."iilifornin  providint;;  ^.>.U(Ui  fur  tlie  work  in  1J1II4,  tiiid 
Nevudii  providing  $1,11(111  for  tin'Wurk  of  the  sann'  year.  'rhiM'oop(>r- 
ulivc  work  lia*>  bi-fii  rnrried  out  iis  follfws;  ' 

Prof.  S.  Forti^T.  with  lii-adtjuarlers  iit  the  University  of  California 
al  H(>rkel('yjias  liitd  i-li!ir<;c  of  nil  work  in  that  Statr.  Tlie  university 
and  (he  Statv  experiment  station  have  aided  in  the  work  of  this  Office 
|jy  ijivinj,'' u  headi(uarl('rs  office  free  of  rent,  by  aiding;  in  the  tcstint; 
of  pumps  in  the  mechanical  lalinratory,  by  niakiny  free  of  cost  a  larye 
number  of  water  analyses,  and  by  aidinjj  in  a  study  of  the  effects  of 
irrigation  on  the  <|iiulit>'  of  fruits  iind  veiretables.  Professor  Kortier 
was  assisted  by  Prof.  J.  N.  Le  C'ontc  and  I'rof.  K.  .1.  Wickson.of  the 
State.  University,  and  Mr.  Frank  Adams  and  Mr.  A.  .1.  Turner,  of 
tliis  Office. 

In  .N'evadii  we  iiave  cooperated  with  the  State  experiment  station 
under  a  special  State  appropriation,  the  work  beitij,--  under  the  direc- 
ti<in  of  I'rof.  (iordon  II.  True,  of  tlie  Sfiite  station. 

In  Oretfon  the  tield  work  was  carried  on  under  the  direction  of 
Director  James  W'ithycombe,  of  the  State  station,  \\ith  Prof.  F.  L. 
Kent  as  assistant. 

In  W'ashiiijrton  Held  work  was  carried  on  under  the  direction  of 
Prof.  O.  L,  Waller,  of  the  State  station,  with  Albert  L.  Smith  as 
assistant. 

In  Idalio  .Mr.  W.  F.  Bartlett.  of  this  Office,  was  detailed  for  tield 
work  ill  cooperation  with  the  State  engineer's  office. 

In  Utah  (ietd  work  was  under  the  direction  of  I>irectoi' J.  A.  Widt- 
soe,  of  the  Utah  Kxpcriment  Station,  with  Prof.  W.  ^V.  McLaughlin 
as  assistant. 

In  Montana  field  work  was  carried  on  under  tlie  direction  of  Director 
F.  li.  Linlield,  of  the  State  experiment  station,  with  Prof.  .1.  S.  Baker 
as  assi.stant. 

In  Colorado  field  work  was  carried  on  in  part  by  Mr.  A.  K.  Wright, 
of  tliis  Office,  and  in  part  under  the  direction  of  Pruf.  L.  (i.  Carpenter, 
director  of  the  State  e.xperimcnt  station,  with  Mr,  S.  L.  Hoothroyd 
and  .Mr.  P.  .1.  Preston  as  tield  assistants. 

In  Nebraska  tield  work  was  under  the  direction  of  Prof.  ().  V.  P. 
Stout,  of  the  State  University. 

In  Kansas  field  w-ork  was  carried  on  at  Garden  City  under  the  direc- 
tion of  Mr.  A.  E.  Wright  and  Mr.  A.  P.  Collins,  of  this  Office,  and  at 
Hays  under  the  direction  of  Mr.  J.  (i.  Haiiey,  of  the  State  cxjxM-itnent 
station. 

In  Ix)uisiana  field  work  wius  carried  ou  by  Prof.  W.  B,  Gregory  and 
Prof.  Morton  A.  Aldneh,  of  Tulane  University. 
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In  New  Mexico  field  work  was  umler  the  direction  of  Prof.  .1.  J. 
Vcrnoii.  of  the  State  experiment  station. 

In  Arkansas  the  work  was  in  part  undiM'  the  direction  of  Director 
W.  O.  Vincenheller,  of  tiic  State  experiment  station,  and  in  ])art  done 
by  ('.  K.  Tait,  of  this  Ottico. 

In  Iniliana  tieid  work  in  draiuajjo  was  under  tlie  direi-tion  of  Prof. 
\V.  D,  Pence,  of  Purdue  I'niversitv,  assisted  hy  ISIr.  K.  H.  Duncan. 

In  Iowa  lield  work  in  draitiajre  and  the  testiiif,'  of  drainaj^o  and 
pumping''  machinery  was  under  the  direction  of  Prof.  C  .1.  Zintlieo. 

In  Wi.sconsin  tield  work  was  under  the  direction  of  Prof.  A.  U. 
Wlntson;  in  New  .Iei"sey,  under  the  direction  of  Prof.  E.  H.  V'oorhees; 
in  Porto  Kico.  under  the  direction  of  D.  W.  May,  special  af^ent  in 
charge  of  the  experiment  .station,  and  in  Hawaii,  under  the  direction 
of  .Fared  G.  Smith,  special  ajjent  in  chari,re  of  the  experiment  station. 

In  a<ldition  to  the  work  done  in  coopt'nitiou  witii  llie  State  stations 
investigations  along  certain  lines  have  Iweu  carried  on  by  the  agent.s 
of  this  Otiice,  the  irrigation  woi'k  heing  under  the  perM»nii!  direction 
of  the  Chief  and  tiie  drainage  work  under  tliesupcrvi.>ionof  Mr.C.  (j. 
Elliott,  drainage  engineer. 

LEADING  LIITES  OF  WORK. 

The  work  of  this  Olljce  in  studying  the  duty  of  water  began  with 
the  collection  of  information  sus  to  the  <(uantity  of  water  used  in  gen- 
eral j>ractice.  This  included  the  meivsuremcnt  of  water  diverted  i»y 
cjinals  at  their  Inail  gates,  mea.sureuients  id"  discharges  of  laterals  at 
their  head  gates,  and  measurementii  at  the  margin  of  ticlds  being  irii- 
gated.  The  fanners  were  retpiested  to  use  water  according  to  Iheir 
usual  custom,  just  a.s  if  no  measurements  were  being  nuide.  This 
information  was  to  .serve  as  a  basis  for  a  more  scientilic  study  of  water 
recjuiremonts  of  crops.  Records  of  these  measurements  have  hern 
published  in  previous  annual  reports  of  this  Oflice." 

During  the  season  of  lito;)  a  more  scicntitic  stutly  ()f  the  water 
requirements  of  crops  was  undertaken.  Kxperimcnts  were  begmi  to 
determine  quantities  of  water  which  will  prodiiee  the  largest  crop 
returns  undervarying conditions.  These  have  been  continued  Ihnnigh 
the  sea.son  of  l»<t4.  Such  experiments  were  made  in  C'alifortua,  rtah, 
Nevada,  and  New  Mexico.  The  residts  of  nu'asuremeiits  in  New- 
Mexico  are  contained  in  the  report  iif  Professor  Vernon,  on  pages 
au.V-yllT.  A  nmch  larger  numlterof  measurement-^  have  been  ma<le  in 
California  and  I'tuh.  but  it  wils  deemed  advi>alile  to  continue  the 
experiments  at  leflst  another  season  before  attempting  to  draw  con- 
clusions. Such  experiments  umst  necessarily  cover  a  number  of  years 
l)efore  the  results  can  be  considered  completed. 

■•  D.  a  Depu  Agr.,  UlBce  of  Experiment  .Statiune  Bulg.  btt,  104,  IV«,  and  V3a. 
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In  C'Oiinertion  with  tlio  cxprrinuMits  to  dt'toniiino  tlio  water  rpquiro- 
nients  of  crops,  clnta  regiinliaij  the  cost  of  water  and  lami.s  and  tlic 
cost  of  applyiiiu;  the  water  to  crops,  and  ci"op  fctiirns  liave  been  col- 
lected ill  an  attempt  to  work  out  the  principles  which  sjiould  t^uide 
farmers  in  determining  liovv  much  water  to  apjilv  to  crops.  L'nder 
certain  circumstances  it  would  he  to  the  ])n)fit  of  the  farmer  to  secure 
somethiair  less  tlian  the  lar<rest  crop  per  acre,  if  iiy  so  dointj  he  could 
.secure  crops  from  ii  larifer  aren.  On  the  other  hand,  where  the  area 
of  laud  is  limited  and  water  is  plentiful,  it  would  he  to  his  profit  to 
secure  less  than  the  largest  prixlnct  per  uint  (piantity  of  water,  if  liy 
increasing  the  <lepth  fif  water  apjilied  he  could  secure  a  sufliciently 
larg'c  increase  in  tlu>  priKtuct  per  acre.  SulKcicnt  measurements  have 
not  been  made,  so  far,  to  work  out  these  principles.  Kxperiments  are 
beini^  continued  which  in  time  will  give  the  data  necessary  for  such 
computatiiais.  The  measurements  made  by  the  agents  of  this  Office 
during  IH114  are  given  in  detail  in  the  reports  which  follow,  and  tho.se 
measurcment.s  and  mea-surements  previiJUsly  made  liy  this  Ottice  and 
by  the  State  e.xperiment  stations  and  re))orted  in  their  bulletin.s  are 
sunuuarized  on  pages  'J."»-3;"i. 

Closely  allied  with  the  study  of  the  duty  of  water  is  that  of  method.s 
of  applying  water  to  land,  It  is  found  tliat  by  applying  water  by 
one  method  a  given  (|uantily  of  watei'  csm  be  made  to  serve  largei' 
areas  tiniu  when  it  is  apjilied  by  another  method.  Methods  vary  with 
the  ciiai'actcr  of  the  soil  and  with  the  cliaracter  of  the  crops  and  with 
the  mailable  sup|)ly.  The  e.\jK»riments  of  this  Oflice  are  for  the  pur- 
pose of  determiiung  what  methods  are  best  suited  to  \ariinis  classes 
of  soil  wdiich  are  found  throughout  the  arid  region  and  the  ditfcrent 
crops  which  are  raised  by  irrigation,  and  to  varying  conditions  of 
water  supfily.  During  the  year  i;t(i4  a  bulletin"  on  this  subject  was 
puldished  by  this  Othce  and  the  I'cjjorts  gi\en  in  this  volume  contain 
further  information  on  the  .same  suliject.  This  is  suminaiized  on  pages 
51,  52.  (jj'cat  mimliers  of  fai'mers  are  lieginning  irrigation  each  year 
and  it  is  probable  that  with  the  construction  of  irrigiition  works  l)y 
the  (.iovernmeiit  and  by  private  individuals  the  numbei-  of  such  begin- 
ners will  increase  very  rajiidly  within  the  ne.xt  few  years. 

The  condition  (d'  the  lands  wbich  are  to  be  reclaimed  varies  widely 
from  tliatof  the  humid  region  from  whicli  the  settlers  will  come,  and  it 
has  therefore  lieen  deemed  advisable  to  collect  information  as  to 
metliods  of  pi'e|)!iring  land  for  irrigation.  Hulletin  14.">  mentioned 
above  conlains  desciiptions  of  niethoiisof  clearing  and  the  implements 
usetl,  with  statements  of  the  cost  of  such  work.  Further  information 
is  given  in  ihi-  reports  which  fidlow.  and  this  is  summarized  on  |mges 
50,  51.  In  this  work  the  atteni])t  is  made  to  give  directions  wiiich 
can  be  followed  by  any  farmer  of  ordinary  intelligence,  in  order  that 
time  anil  money  may  not  be  wa.sted  in  doing  this  work  by  wiustefid 
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methods.  The  preliniiiiarj'  woik  necessary  before  crops  can  be  raised 
by  irri^tion  is  much  greater  than  that  required  in  tlie  humid  refjion, 
since  the  land  must  li«>  Ijrought  to  even  slopes,  if  not  leveled,  in  order 
that  wilier  may  l>e  spread  over  it.  This  fact  is  often  overlooked  by 
tliose  buyinfT  land  to  Ik?  reclaimed  by  irriijation,  and  the  added  expenses 
for  this  work  have  proven  very  discouriiginii-  ami  often  caused  failures. 
In  these  reports  the  attempt  has  Ijeen  made  to  state  fairly  the  expenses 
necessjiry  for  preparing'  land,  in  order  that  intending  settlers  may 
intelligently  weigh  the  advuntnges  and  disadvantages  of  begiiming 
agriculture  in  irrigated  regions. 

It  has  l)een  found  in  collecting  information  as  to  the  duty  of  water 
that  there  is  a  very  wide  difference  bclwocn  the  i|uantity  of  water 
diverted  by  canals  and  that  delivered  to  the  land  by  the  same  canals. 
In  some  places  this  loss  l)etween  the  head  gate  and  the  farm  is  as  great 
as  yi*  jjcr  cent,  and  it  has  hci'n  necessary  for  ii'rigiitiuu  engineers  to 
plan  works  to  wirry  much  larger  volumes  than  would  be  necessary  if 
all  or  a  large  part  of  the  water  diverted  reached  the  land.  In  order 
tji  givi'  irrigjition  i-ngineers  a  biisis  on  which  to  conclude  the  additional 
size  of  (channels  necessary,  a  large  iuuiil>er  of  mcasurement-s  of  the 
losses  from  existing  canals  have  been  made.  Tiiese  tneasiirements  ■ 
have  shown  that  losses  were  tmich  greater  than  was  previously  sup- 
postni.and  have  calle<l  attention  to  the  need  and  possibility  of  adopting 
methods  which  will  check  the  losses.  A  series  of  measurements  on  a 
winal  will  show  not  only  whiit  losses  o<'Cur  but  also  where  these  losses 
occur,  and  enable  the  owners  to  check  the  losses  by  improving  canals 
or  abandoning  esjiccially  bad  sections.  .Seepage  los.ses  are  of  impor- 
liirice  not  oidy  to  the  owners  of  the  canals  from  which  the  water  is 
lost  but  also  to  the  owners  (jf  land  Ivitig  under  canals,  since  the  water 
lost  tends  to  injure  the  lands  lying  below  the  canals  and  makes  their 
drainage  necessaiy.  The  measurements  niiide  by  this  Otlio'  since  the 
beginning  of  the  work  arc  summarized  on  jKige.s  35-38. 

While  water  is  lost  from  canals  through  seepage,  most  streams  show 
a  gain  in  How  from  this  source.  Water  which  leaks  from  canals  and 
that  which  is  applied  to  the  lands  linils  its  way  by  gravity  back  to  the 
streams.  The  quantity  of  water  which  returns  to  the  streams  is  a  very 
important  matte]'  fur  irrigation  otiiciids,  niodifying  and  complicating 
their  distribution  of  water.  Measurements  show  that  this  return 
seepage  to  the  streams  of  the  arid  region  is  consbintly  increasing, 
making  possible  a  constant  increase  in  the  area  which  may  be  served 
by  them.  The  measurements  of  return  seepage  are  sununarized  on 
pages  38-50. 

The  pumping  of  water  for  irrigation  is  l»eeoming  constantly  more 
impoittint.  In  many  regions  where  the  stream  supply  has  been 
exhausted  continuous  iriigation  has  raised  the  level  of  the  ground 
water  uniil  very  often  the  >upply  of  water  for  irrigatioucau  besecaced 
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hy  puiiipinjr  more  rhoaply  lliaii  in  niiy  other  wny,  mid  lurpi  ureas  can 
Ik'  rccluimcd  for  whirb  there  is  im  suj)|>ly  from  Mtrpunis.  In  parts  of 
California  and  Colorado  ptiiiips  are  liein^'  instulk'd  in  the  midst  of 
regions  whicii  iin^  irrii.'-atcd  witli  river  vva(er  mid  increused  areas  are 
being  reehiimed. 

In  semiarid  regions  thei'e  are  vast  areas  for  which  no  stream  water 
is  availatile.  For  these  lands  Hie  jiiimping  of  uadergroiind  water  or 
the  collectitm  of  storm  water  in  reservoirs  is  the  oid y  source  of  siijiply 
foi'  irrigjition.  During  the  season  of  1H04  several  agents  of  this  Office 
were  detaileil  to  study  the  openition  of  existing  pumping  plant-  to 
determine  the  ext^Mit  of  the  water  supply,  eosL  of  wells,  cost  of  punij)- 
ing  niachiiiery,  cost  of  fuel  and  of  openition,  ami  collect  information 
as  to  crop  returns,  to  determine  not  only  Ihe  po>sil)itities  of  |)unipiiig 
in  semiarid  regions,  hut  its  proHtatiteiu'ss.  It  is  luA  expected  that 
pumping  in  these  seetit»ns  for  general  agriculture  will  prove  proliUihle, 
hecausc  the  lifts  are  geni'ially  high  and  (lie  cost  of  fuel  is  high,  hut  it 
is  helieved  that  it  will  prove  prohtahle  to  pump  water  for  vegetiihles 
and  fruit  and  some  forage,  the  irrigated  areas  to  he  farmed  in  conjunc- 
tion with  large  uresis  of  luiirrigHted  hind.  The  information  collected  ■ 
on  this  siiljject  is  summarized  on  pages  52-H3.  The  detailed  reports 
are  found  on  pages  11)5-255.  341-5t)T. 

The  studies  of  irrigation  in  the  humid  sections  of  the  I'nited  States 
carried  on  in  previiais  years  were  contimied  during  1IHI4.  These  in- 
cluded the  irrigation  of  rice  in  Louisiana  and  Texas,  the  irrigation  of 
rice  in  Arkansas,  and  tlu-  irrigation  of  cranherrie>  in  Wisconsin  and 
New  . Jersey.  Reports  from  these  \arious  points  are  contained  in  the 
followii\g  pages  and  the  results  .summarized  on  |»age.s  ♦)y-75. 

The  studies  of  the  laws  and  institutions  controlling  the  distrihutioii 
and  use  of  water  have  lieen  continued  during  1!)04.  The  work  on  the 
Platte  River  and  trit)iitaries,  hegun  in  1!»03,  was  com|)leted;"  the  his- 
tory and  present  conditions  of  the  Modesto  and  Turlock  iriigatitjn  dis- 
tricts in  California  are  reported  on  ([jp.  HS-ll-iy);  the  operation  of 
some  parts  of  the  irrigation  law  of  Idaho,  passed  in  IIHW,  was  inves- 
tigatefi;  anil  information  has  heen  collected  concerning  the  laws  and 
institutions  of  other  States.     (See  pp.  (W-IJS.) 

The  drainage  work  of  the  Otliee  diHers  from  irrigation  work  in  that 
it  consist-  very  largely  in  giving  ad\ice  to  individuals  and  assoi'iations 
mtcrested  in  the  reclamatiofi  of  particular  tracts  of  hmd.  This  work 
is  carrietl  on  in  various  lo»'alities  in  all  parts  of  the  I'nited  States. 
In  the  arid  region  large  sections  have  heen  ruined  In'  seepage  water 
from  canals  and  irrigated  land>  and  it  is  necessary  to  reiiune  this  sur- 
plus water  from  the  wet  lands  or  intercept  it  lieforo  it  reaches  them. 
Throughout  the  Central  Stales  large  areas  of  river-hottoni  land  are 
annually  overflowed,  and  the  drainage  engineor.s  of  this  Office  have 
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assisted  the  owners  uf  thcsi'  Itottoin  Imuls  in  pri'piii'ini,'-  piniis  for  the 
protection  of  their  liinds  from  ovcrHow  tinil  the  rL-niovul  of  tlie  surphis 
water.  Along  iho  Athintif  coast  studies  of  tiio  rerlaintition  of  wilt 
mur>hes  liave  been  made,  and  in  the  South  expcM-iuients  witlj  drainage 
a-  a  lui-ans  of  reclaiming  eroded  liillsides  and  cheeking  erosiun  have 
lieen  carried  on  with  very  good  results!.  A  study  of  the  reclamation 
of  the  Kvcrglades  of  Florida  has  also  1>oen  made,  and  plans  fur  an 
e.x|>eriinent  in  dniining  these  lands  have  hi'en  made,  hut  have  not  yet 
pmgre.ssed  far  enough  to  give  any  result*!.  The  detailed  report  of 
drainage  investigations  is  given  on  pages  i'A3-7-i3, 
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The  measurements  of  the  quantities  of  water  use<l  are  divided  into 
four  clas.se>f:  ileusureuients  of  (1)  tin-  quantity  of  water  entering  main 
ciuiabs:  (2)  the  ([uantity  of  water  entering  hUcrals;  (3)  the  cpiantity  of 
water  u.si-d  on  individual  farms,  and  (4)  the  tjuantity  of  water  used  on 
separate  crops. 

MAIN'    CANALS. 

The  results  of  the  measurements  of  the  first  class  are  of  especial  u.se 
to  the  liuilders  of  irrigation  works,  whether  pulilii'  or  priv;iU\  They 
give  a  fairly  definite  idea  <»f  the  quantity  of  water  which  must  he 
diverted  from  a  sti'eam  to  reclaim  an  acre  of  gi-oiuid,  and  hence  are 
the  ^Mlsis  for  the  computations  of  the  [jromoter  and  also  for  the  work 
of  the  engineer.  For  the  convenience  of  those  interested  in  this  suh- 
jeet  the  results  of  former  years  have  been  incorporated  in  the  table 
with  those  for  l'.»(«  and  1H04.  which  are  published  for  llie  Hrst  time. 
The  following  table  does  tiol  include  all  of  the  records  of  the  duty  of 
water  under  main  canals,  tiiose  for  .Vri/una  made  by  Dwight  R.  Hoard 
not  i»eing  received  in  time  to  be  published  in  this  rej«jrt: 


Qua-Hlily  of  water  uted  per  acre  under  main  etmah,  ISS^1904. 
[AiTf-feet.] 


Xame  or  canal. 

im. 

HOO. 

IWl. 

11102. 

1903. 

1904. 

Aver- 
H(e. 

Arixona: 

%*& 
2.40 
2.88 
2.02 

2.  a 

4.W 
4.t3 
4.«l 
4.63 

3.,t2 

r^p^                             

3.  71 

3.47 

8.28 

Mc^i ; 

S.81 

2.  at 

'.".'.V.V. 

8.08 

OftllloriilM. 

2.U0 
7.»l 
».19 
8.01 
0.81 

2.18 

Piumi 

7.M 

PopUr 

8.U 

8. 01 

8.81 

4.n 

S.44 
1.75 
LM 
8.  St 

4.W 

8.44 

I'lutifvr  ditch 

Si>r<i.lMiiiilL"»lk«n» 

1.7S 

Sl»ll«  1                  

I.M 

Tnr;                          

8.H 

.M...                           

18.18 

1             Butte                   ■  I'cntJeiU 

* 

T.4S 
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Quantity  of  rmter  used  per  acre  under  main  canals,  1899-1904 — Continued 

Name  of  canal. 

1R99. 

1900. 

1901. 

m2. 

1903. 

1904. 

Aver- 
age. 

Colorado: 

Amity 

4.92 

4.11 

.■i.42 
2.58 

5  42 

Lake 

2.58 

2.21 
1.64 
1.96 
1.09 
1.77 
.92 
1.41 
L88 
4.64 
4.47 
4.17 
4.41 
3.93 
6.95 
3.36 
8.23 
2.14 
1.74 
1.17 
7.35 









1  64 

Lovelftnd  and  Greeley 

1  96 

1  09 

Supply     '  1 

1  77 

.92 

Farmers  Hlf?h  Line 

1  41 

. 

1  88 

Warrior                        

4  64 

4  47 

Branlner                      

.:.::... 1.:.. 

4  17 

Brighton               .                   



:  :;;::i 

3  98 

Plattevllle 



J 

"e.oo' 

3.86 

Weldon  Valley 

1                 

8  23 

1 

2.14 

Upi>er  Platte  and  Beaver 

1  74 

1.17 

Tetsel  .     .  .                       

7  35 

6  00 

Montana: 

Gird  Creek 

1.45 

3.50 
6.32 
4.68 
I.IS 
8.68 
4.41 
4,76 
2.49 
6.79 

2.47 

5  32 

Kulien  ditch 

4.68 

Middle  Creek 

2.10 

1.90 

1.88 

2.34 
2..T6 
3.35 
3.97 
2.41 
4.68 



1.87 

Big  ditch 

2  "1 

3.88 

Hedee 

4  36 

Ward 

2. 45 

Skalkaho 

5  73 

7.08 

7.08 

Nebra.ska: 

2.57 

2.57 

Mitchell  and  Oering 



5.41 
4.78 
2.03 
2.17 

5.41 

Winters  Creek 

4.78 

2,08 

North  Platte 

2.17 

6.61 

6.24 
S.32 
6.80 
4.52 
2.83 
8.09 
3.59 

6.99 

5.18 
4.08 
3.92 
6.14 
3.06 
2.86 
4.82 
3.62 
5.77 
3.94 

10.09 

7.90 

Iteh: 

Butler  ditch 

6.71 

Brown  and  Sanford .... 



4  70 

5.11 

Green  ditch 

5  33 

Lower 

2.95 

Big  ditch 

2  98 

Lognn  and  Richmond 

4.22 

8.62 

5  77 



3.94 

Bear  River ' 

4.84 

4,84 

Washington: 

Natche-s  River— 

'   4,62 
10.  .50 
5.54 
5,7;! 
3.33 
5.71 
4,25 

5,  .50 
3,33 
10.80 
8,21 
3.98 
3.87 
6.08 

4,(12 

Natches  Valley  Irrigation  Co 

1 

10  50 

1                i 

5,54 

R.  S.  and  C.  dilch 

; 

5  73 

Selah  Vallev  Co 

3  IW 

Waputo 

5,71 

Snkima  Vallev  Irrigation  Co 

. 

4  25 

Yakima  River— 

Fowler  ditch 

! .. 

5  .50 

3,33 

New  Reservation 

10,80 

N.  P.  Irrigation  Co 

8,21 

Prossor  ditch 

3.04 

4.70 

3  91 

3.87 

.'^unnyside 

10.64 
2.53 

10.24 
4.90 

9.75 

9.11 

9,81 

Wyoming: 

2.  72 

Deer  Creek- 
Arnold  No.  1 

14.56 
19.16 

.V63 
11.06 

3,84 
10.61 

7.92 



14,  .56 

19,16 

Toland  Nos.2. 3,  and  4, and  Heming- 
way Nos.  1  and  2  ( Little  Peer  Creek ) 

5.  (>3 

11  06 

De  Voeand  Walkinshaw 

:1,  84 

10.61 

Seymour  nii<t  Wuiis 



7,92 
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Qunntiti/  of  ^nater  lued  per  acre  undfr  muin  canal*,  1899-1904 — Continuol. 


Name  Of  ranal.                          1    1899.    '    1900.    i    1901.    i    1902.    i    190S. 

1904. 

Avor- 
ngo. 

1                      I                      '                      i 

Wyoming— ContiDueU.                                                     1 

Horseshoe  Creek—                                                               i 

Macfarlane  No.  I ■ • 

8.70 

8  70 

14.42 
13.80 

14. 42 

Reeder       ' i .  .  . 

13  80 

Wain  No.  1 i 1 ' 

11.25  1 

19.88  ' 

4.51  1 

9.78 

21.13  ' 

4.86  1 

12.91  ! 

11.62   

5.82    

4.89   

9. 67    

11.  Zi 

19.88 

Wain  Hiffh  Water ' 

4..'>1 



9.78 

M   Moran ' 

21. 13 

T.  Freaney  No.  1 ! 

T.  Freaney  No.  2 1 

4.86 
12.91 
11.62 

D  GoMon 1 

5.82 

4.89 

Moran  No.  2 i 

9  67 

P.J.  HallNo.l ' 

4.58 
8.26 
17.74 
13.33 
8.61 
5.71 
8.92 
5.B9 
6.42 
10.83 
4.52 

4.58 

W  E.  Conalo  ( 

3.26 

17.74 

Moran  and  Toi^erxtn ' ' 

13  33 

8.61 

5.71 

Dupes  and  Skollnski 

' 

8.92 

Walki-rNo.l 

5.69 

Shives   

6.42 

10.83 

Walker  No.  2 



4.f2 

Average 

4.49 

4.  OS 

4  80 

4  59 

7.06 

S.75 

5  18 

This  table  shows  a  fairlj-  close  agreement  for  the  first  four  years 
given.  The  measurements  for  1903  and  1904  were  made  on  different 
tlitches  than  those  for  the  previous  j-ears  and  the  higher  averages  for 
these  years  require  explanation. 

The  figures  given  for  Idaho  are  hardly  comparable  with  those  for 
the  othei-  States,  because  up  to  June  19  the  measurements  were  made 
at  a  certain  point  in  the  Raft  River  and  the  duty  figured  on  the  ba-sis 
of  the  acreage  under  all  the  canals  below  the  point  of  measurement, 
and  no  record  is  given  of  the  flow  of  the  river  below  the  head  of 
the  lowest  canal.  After  June  19  the  diversions  were  measured,  but 
no  account  was  taken  of  the  losses  and  waste  from  the  canals. 

The  measurements  on  Deer  Creek  and  Horseshoe  Creek,  Wyoming, 
represent  a  duty  based  upon  the  amount  of  water  diverted,  but  this  is 
al)ove  the  true  duty,  because  no  record  is  taken  of  the  waste  and 
return  flow  at  the  ends  of  the  canals.  Certain  features  of  irrigation 
practice  on  these  two  streams  make  the  amount  of  wast«  water  large. 
A  relatively  large  area  is  devoted  to  the  production  of  native  hay,  and 
nianj'  of  the  farmei^s  keep  a  constant  flow  of  water  across  their  fields, 
so  that  something  like  a  third  or  more  of  the  water  returns  to  the 
stream  without  being  used.  The  figures  on  leturn  seepage  on  page 
50  are  very  instructive  in  this  connection. 

Averaging  the  figures  in  the  above  table  gives  a  depth  of  5.13  feet 
as  a  general  average  for  all  the  canals  on  which  measurements  have 
Ijeen  made.  The  list  includes  canals  of  all  ages  and  all  degrees  of  effi- 
ciency.    Some  of  the  Utah  catials  have  been  in  use  for  nearly  half  a 
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fpiitury,  while  thn  Washingtoti  cunals  hiivc  beoii  used  for  only  a  few 
years. 

The  Gage  eanal  is  cemented,  so  that  there  is  practically  no  loss  of 
water,  while  one  of  the  Tiile  Uivrr  I'annis  is  reported  as  losin^r  jn  2 
miles  more  lliati  HU  per  cent  of  tlie  water  enterinjr  it.  Fiirthernioi'e, 
tlie  canals  are  distrilmted  widely  enonifh  to  be  representative  of  the 
whole  arid  rejjion.  The  general  averai^e  of  a.  13  acre-fei't  may  there- 
fore be  coasidere<l  a  very  fair  statement  of  the  quantity  of  wat<n- 
which  on  the  averajjeis  beinji  siipplieti  at  the  head  of  a  canal  for  each 
acre  of  land  to  be  irri<(ated.  Stated  in  another  way:  Where  a  known 
volume  of  water  can  be  obtained,  the  area  of  land  which,  accordinj^  to 
present  yiractice,  can  be  irrijjated  with  that  supply  will  be  1  acre  for 
every  5.1;^  acre-feet  of  water  available.  As  has  been  stated,  this 
represents  present  practice,  and  it  should  not  be  considered  as  repre- 
senting what  is  possible.  In  fact,  the  possibility  of  a  much  more 
ceonomical  use  of  the  water  supply  is  the  basis  for  the  hope  of  a  jfreat 
future  expansion  of  agriculture  in  many  >eetions  whei-e  the  supply  of 
water  is  now  all  in  use. 

The  smallest  qitantity  f^iven  in  tlit?  table  is  1.15  acre-feet  per  acre, 
under  the  Middle  L'reek  canal,  in  Montana,  in  Utu:J;  the  largest  is 
21.13  acre-feet  per  acre,  under  the  M.  .Moran  ditch  on  Horseshoe 
Creek,  Wyoniing,  in  VMfA,  If  the  latter  locality  could  get  along  with 
as  little  water  jis  the  former,  the  water  use<l  umler  the  M.  .Moran  ditch 
would  serve  more  than  eighteen  times  the  area  now  farmed.  Hoth  of 
these  canals  are  extremes;  but  a  comparison  of  the  average  of  all  the 
measurements  ma<le  in  Colorado  in  I'.hk^,  ;5.-27  acre-feet  i)er  acre,  with 
the  average  of  all  measurement-;  made  in  \\'yonung  in  the  siime  year, 
8. 52  acre- feet  per  acre,  likewise  shows  a  very  wiile  diderence  in  the 
(piantity  of  water  used.  These  comparisons  indicate  that  a  more  care- 
ful use  of  the  water  su[)ply  in  certain  disliicts  would  make  possible  a 
great  expansion  of  the  area  devoted  to  agricultund  production. 

LATERALS. 


The  following  table  gives  all  the  measurement.s  at  the  heads  of 
laterals  whii  ii  have  been  made  b}'  this  Uthce  in  the  four  years  coxered 
by  the  investigations. 
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Quantity  of  water  used  per  acre  under  laterals. 


Canal. 


Lateral. 


I 

Mndefto  diiitrict Lateral  No.  I 

Tiirlock  distriet Lateral  No.  3 

Pioneer Flume  lateral  No.  2 

Amity BileH  lateral 

Lalie'. Lewi-s  lateral 

Kidenbiuii^h Rust  lateral 

Po do 

IK) Crawford  lateral  . . . 

I>4» i  Huntington  lateral. 

I)<j Creeson  lateral 

Do I  Hunter  iateral 

Do Rutledge  lateral 

Do Tuttle  lateral . 


Year.  I 


1904 

1904  ; 

1901  I 

1899 

1901 

1899 

1901 

1901 

1901 

1901 

1901 

1901 

1901 


State. 


Do ,  I'ollard  lateral i  1901 

Do '  Clark  lateral 1901 

Do ,  Perkins  lateral 1901 

Do 1  Broselateral 1901 

Pecos I  Division  No.  1 1899 

Do I  Division  No.  2 1899 

Do Division  No.  3 1899 

Do I  Division  No.  4 1899 

Do Division  No.  1 1900 

Do !  Division  No.  2 1900 

Do I  Division  No.  3 1900 

Do I  Division  No.4 1900 

Do I  Division  No.  1 1901 

Do Division  No.  2 1901 

Do '  Division  No.  3 1901 

Do ■  Division  No.4 1901 

Bear  River ,  Lateral  A  15 ,  1901 


Average. 


.1. 


Quantity. 


Oalitomla 

do 

Acre-feet. 
ft.7« 
7.69 

do 

1.41 

1.82 

do 

3.11 

6.06 

....do 

6.49 

do 

3.38 

....do 

3.04 

do 

4.48 

..do 

4.24 

do 

3.90 

.do 

5.47 

do 

3.81 

do 

4.64 

do 

4.49 

do 

5.93 

New  Mexico 

do 

6.51 
4. 53 

do 

2.95 

...  .do 

3.56 

do 

4.65 

do 

3.39 

do 

2.48 

do 

2.27 

do 

.■>.  11 

do 

3.91 

do 

3.02 

do 

1.88 

Utah 

1.84 

4.08 

These  measurement.s  can  hardly  be  considered  as  representative, 
since  onl}'  eight  canals  are  represented.  They  show,  however,  a 
decrease  in  the  average  quantity  of  water  supplied  for  each  acre  of  a 
little  more  than  21  per  cent,  compared  with  the  average  for  main 
canals  (see  pp.  25-27).  If  the  averages  given  for  the  laterals  in  this 
table  are  compared  with  those  for  the  main  canals  from  which  they  are 
taken,  the  following  results  are  obtained: 

Comparison  of  quantities  of  water  furnished  by  main  canals  and  laterals  therefrom. 

[  Aere-feet  per  acre.) 

i    Avenue    I    Average 
Canal.  forelSkI     '"""'erals 

loreanai.      fo,  game. 

Pioneer I 

Amity i 

Lake ' 

Pecos I 

Bear  River 

Modesto  district | 

Tu rloc k  d Ist rlct 

Average | 


8.01  1 

1.41 

1.92: 

1.82 

2..')8 

3.11 

7.90' 

8.69 

4.84  , 

1.84 

13.18  1 

5.76 

8.34  1 

7.69 

7.11 

3.67 

Assuming  that  the  laterals  given  fairly  represent  all  those  from  the 
canals  named,  less  than  52  per  cent  of  the  water  entering  these  canals 
reaches  the  laterals.  The  figures  given  for  the  Lewis  lateral  are  abnor- 
mal, since  this  lateral  shows  a  greater  quantit}'  delivered  per  acre  than 
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dop.s  tlie  niuiii  t-ixnul.  Tliero  is  j:)i'ol>alily  some  local  caiisfi  for  this.  It 
is  not  likely  that  the  others  can  he  eonsiclcrefl  as  representative  of 
cainiLs  {generally,  but  they  show  the  conditions  on  the  cjinals  named. 


FARMS. 


The  measurements  of  the  quautities  of  water  used  on  individual 
farms  are  brought  together  in  the  following  table; 

(^iiitUiti/  of  uaItT  iiseil  iii-r  urn:  on  iDififitlunl  furiitt. 


Bute. 


Fhnn. 


Crop. 


Wiiter 

xaed  per 

■crc 


Arizona  ... 

Do 

CallfoniU . 


Do. 

Do. 
Do. 

Idaho  . 
Do. 
Do. 
Do. 
Do. 
D<i. 


VHnee I  AUaltaaod  barley 

Arinina  Experiinvnt  Station Mixed 

Metuvured  to  all  t'onanmera  under  Pioneer  do 

ditch. 

Sfiniit  nrc'hiird Orangnand  lem- 

nnn. 

St»lfcte<l  fanu8  iindtT  Pioneer  ditch Fruits 

f"uni|>cd  water— aviT«BC  for  four  years  on  i5  do 

farm!« — Lindnty  Water  Development  Co. 

A.  K.  Utun,  ixsa Mixed 

A.  F.  Lfuig.  190(1 do 

Kdjtar  Wilson 

e.  U.  Goodwin,  1900 

O.  G.  Goodwin.  1901. 

N.  C.  Purcell,  1900 


Nebraska 

New  Mexico 

Do 

l>o 

Ik. 

I'tah  

WonhinKlou 

Do 

Do 

Do 

Do 

Do 

Wyoming  

Do 

Califnrnln  Gage  canul . 

D<. 

Do 

Do 

Do 


D.  W.  riaRgell 

J.  J.  nnntmiHn.  1S99 1 do 

J.  J.  Huferiimn,  19(10 j do 

J.  J.  lliiKirmiin,  1901 1 do 

Aven^u  of  7u  luidcr  Nprthem  canal,  N.  Mexico do . . 

I'mtinui'i : do.. 

Miiiirlre  Kviin.^ do.. 

Lttwcr  lijitlle^niikt'  nitich do.. 

I'pl«-r  lUltUwnnki'  mnrh Alfalfa  . 

Jonlnn  orehanl Orcliord 

Dunn  hopyard '  Bop«  ... 

an.  Vimng Mixed 

Slgmnn's  ninili do 

WftilKT's  ranch * do 


Orchard 

Mixed 

....do 

Timolhr  and  al- 
falfa. 
Mixed 


N.  P.Cnyley  .. 
.I.D.  Car>tead<'n  .. 
Gnlick  Brothers - 


C.C.lJiiInn  . 
C.  E.  Kennedy , 


Onongei. 

do... 

do... 

do... 

do... 


Average . 


Aere-feel. 
1.98 
6.70 
S.l» 

I.fiS 

2.00 
1.U 

2.» 

].« 

a.-J6 
s.« 

2.4S 

2.47 
15, 44 

9.110 
12.  »• 

2.4a 

2.N 
S.S8 
i.tO 
S.11 
6,08 
■1.4.1 
10.  (il 

:i.w 
LIU 
1.98 
1.20 
2.8R 
I.S8 
2.48 


3.9H 


Mr.  Keed  e.splains  that  the  water  used  on  the  Hagerman  farm  in  New 
Mexico  is  used  largely  for  ornaiuentation,  and  should  not,  therefore, 
be  included  in  the  averages.  Excluding  the.se.  the  average  for  farms 
is  3.U7  acre-feet  per  acie.  This  is  about  CD  per  cent  of  the  avei*age 
quantity  diverted  per  acre,  showing  a  loss  of  SI  per  cent  Ijetwcen  the  , 
IhmkIs  of  canals  anfl  the  place  of  use,  on  the  assunipiioii  that  the  iticas- 
ureiiienls  are  rcpreseiitati\e,  showing  a  po.ssible  source  for  expansion 
by  saving  the  losses. 

These  nieasiirctiients  ditlcr  so  widely,  even  where  conditions  ai-c 
apparently  iinifortn,  that  they  serve  to  emphasize  what  has  been 
already  tuentioiied — the  possHiility  of  future  development  by  exercis- 
ing ecommiy  in  tht^  use  of  water. 
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CROPS. 

The  earlier  investigations  on  this  subject  were  carried  on  with  a  view 
to  ascertaining  the  depth  of  water  applied  to  the  different  crops  in 
actual  practice.  More  recently  experiments  have  been  undertaken  to 
determine  how  much  water  should  ))e  used  in  the  production  of  the 
various  crops  in  the  different  parts  of  the  country  in  order  that  the 
water  shall  be  used  most  economically. 

Quantity  of  water  xmed  in  practice. — A  large  numlier  of  measure- 
ments of  the  depth  of  water  applied  to  different  crops  were  made  dur- 
ing the  years  1899,  1900,  and  1901.  These  measurements  are  given  in 
the  following  table: 

Depths  of  water  applied  to  different  crop*. 


Crop. 

Number 
of  meaii- 

ure- 
ments. 

Depth  of  water  applied. 
Maximum.  Minimum.    Average. 

Alfalfa: 

Idaho 

4 

\ 

Feel. 
3.93 

s.'iis" 

Feet.       1      Fi 
2.W  ' 

3.i9  1 

et. 
3.12 

1.30 

6.55 

Utah 

3.51 

3. 11 

9 

6.5S 

1.30  1 

3.39 

Barley: 

Arizona 

1 
6 

1 

1.60 

1.98 

.85 

1.41 

Wyoming   

1.90 

Total  and  average 

S 

1.98 

.85 

1.49 

Com: 

1 

1 

2.10 

Wyoming 

.70 

TotAl  and  average 

■2 

2.10 

.70, 

1.40 

Oatfl: 

Idaho 

■i 
1) 
•i 
0 

4.01 
fi.OO 
1.54 
2.70 

l.M 
.57 

1.55 
.45 

2.98 

Montana 

1.74 

1.60 

Utah 

1  35 

21 

6.00 

.45 

1.73 

Orchard: 

1 
3 

2 

1 
1 

1.27 

Idaho  



3.  Ofi 
1..S0 

i.48 
1.48 

2  U 

Montana 

1.49 

Vteh 

6.59 

Washington ; 

6.03 

Total  and  average 

» 

6.0:! 

1.27  i 

2.76 

Peas: 

1 
2 

2.40 

Montana 

1.10 

.35 

.73 

Total  and  average 

3 

i.AO 

.35; 

1.28 

Poutoes: 

■     4 

2 

1 

2.13 
H.  16 

1 

2.00  ; 

7.13  1 

2.10 

Nevada 

7.80 

3.63 

Total  and  flverasc 

7 

8.16 

2  00 

3  94 
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Itcplht  of  tualer  applied  to  different  crop*- — Continued. 


Nuint«r 
olmeu- 

ute- 
menU. 

Depth  of  water  npplled. 

Crop. 

Mutmutn. 

Minimum. 

Areratre. 

Siignr  bei'U: 

2 

1 

Feet. 
2.fi0 

/Vrt. 
2.50 

Feel. 
2.M 

Ml  111  tun  A              .--- 

t.4ti 

TitUil  niif!  iiv(.'rape - 

3 

Z.tO  1            l.4fi 

2.  IS 

WhcHl: 

• 
t 

2 

14 

zso 

3.00 

14.42 

2.26 

2.10 
.77 

8.28 
.l>3 

2.17 

1.18 

11. SI 

I'tuh    

1   la 

T^Mnl  Mml  MV(*rHKff 

1» 

14.42  1              .63 

■J  «K 

Hops  WftithlngUm _ 

1 

I 
1 
1 

1 
1 
1 
2 

3  43 

8.82 

old  ni6ftdo\v  Idaho.  .,..,. 

2.88 

8.20 

iVachf*   Arizona 

S.40 

6.30 

4.80 

i'ao 

3.20 

8.25 

Tbe.*  measurements  differ  us  widely  lus  those  given  in  tlic  preceding 
taUIe>.  Imt  tlie  in-ernires  sliow  in  a  jj'eni'ral  way  the  relnlive  ijimiititie.s 
of  water  used  for  the  ditFcrent  crops  inchnied  in  the  tahle.  Tlie.se 
averages,  for  the  erops  whieh  are  generalh'  rai.sed,  are  repeated  in  tlie 
fdjlowtng  table,  wiiirh  also  i^ives  tlie  season  dnrinjf  whicli  the  crops 
niiiiied  retpiire  water.  Tlie  sca.sun  is  found  liy  taking  from  all  the 
.statements  on  that  subject  which  have  been  contained  in  reports  to 
this  Office  the  first  and  las!  dates  for  each  crop.  Statements  referring 
to  .\rizona  are  omitted  because  irrigation  continues  thi'oughout  the 
year  in  that  Territory,  and  its  .sea.Hons  are  peculiar  to  itself. 

Dejilh  of  irabr  uted  for  different  rropt  and  the  irrigating  leamn  for  each. 


Crop. 

Depth 

ot  frrl-       Irrigating  acaaon. 

gatlon.  1 

Crop. 

Depth 
of  Irri- 
gation. 

Irrigating  aeaaon. 

PotaUHA 

Frel. 
S.M     May  17  to  Sept.  l.i. 
3.39     Apr.  )  1(1  Sept.  22, 
2.70     Apr.  l.Tlo8.-pl.  ■-'. 
2.68     Apr.  1  to  July  26. 

.Sugar  bevtd 

Oat» 

Frel. 

2  1.^  1  Julv  IS  111  AUB.  17. 

AlfHlta 

1.73 
1.4» 

1.40 

May  22  to  Aiift.  JO. 
Jlinr  li  lo  AllK.  1. 
.Illlv  21  to.rulv  29, 

Whenl 

The  average  depth  given  for  wheat  i.s  undoubtedly  too  large,  on 
accuiint  of  the  excessive  (juantitie.s  u.sed  in  Nevada.  The  .season  for 
sugar  beets,  as  given  in  the  table,  refers  to  Montana  alone,  and  is  too 
i^hort  for  States  farther  south.  It  .should  be  e.xtended  at  least  to 
September  1.  Making  the.se  allovvances,  ttie  table  shows  that  in 
general  the  most  water  is  used  in  the  production  of  those  crops  which 
have  the  longest  sea.sons.  The  statements  made  in  this  table  are  of 
value  as  sliowing  what  crops  can  be  raised  with  a  given  water  supply. 
The  grain  crop.s  require  the  lea.st  water,  and  reipiiic  it  at  a  sca.son  of 
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tho  v<'!ir  when  the  .streMins  supply  tlie  most.  Orcluirds.  ])otatoe9, 
alfiilfiuiiiiii  sujrar  beets  require  water  diiriiiij  the  season  when  the  flow 
of  strewnis  is  at  a  niiiiinuuii,  ami  hence  only  siuali  areas  of  these  crops 
euu  be  niised  without  sluriiii.'  water.  On  the  other  iiaiid.  these 
erop.s  give  luueli  larger  returns  tlian  the  gmiii  crups.  'i"he  following 
table  givp.s  the  average  return.s  jier  acre  for  the  crops  named  in  the 
last  preceding  table: 

I('ro/(  rrlunui  per  acre.' 
Potatoes |!7.">.  44 
Ori'lmnl 5a.  77 
Su(wr  1  ieet« 42. 99 
Alfalfa  1*5. 3« 
Barley : 24. «2 
\Vht«l 15.95 
Com 15.32 
Oat« 15.22 
Dividing  the.se  into  two  groups,  those  requiring  water  late  in  the 
season  and  those  not  requiring  it  then. gives  axemge  returns  of  $4!>,3J( 
|jer  acre  for  the  late  erojis  and  i^lT.s:-!  per  acre  for  the  eiirly  crops,  a 
difference  of  ^31.4fi  per  aero  in  fav<ir  of  the  late  crops.     Grouping 
the  crops  in  the  same  wayan<l  reducing  the  figures  given  for  wheat  to 
agree  with  tho.se  given  for  oats,  the  lute  crops  require  appro.vimatoly 
double  the  depth  of  water  retiuin'd  by  the  early  crops.     Leaving  out 
of  consideration  the  i-ost  of  land  and  the  labor  required  on  the  ditferent 
crops,  a  like  (piantity  f)f  water  used  on  1  acre  of  late  crops  will  pro- 
duce a  value  of  S4!<.;W  and  used  on  '2  acres  of  early  crops  will  bring  ii 
return  of  ♦35.»>6.  a  balance  of  if  i;-5.73  in  favor  of  using  the  water  for  1 
acre  of  late  crops.     Agjunst  this  must  be  charged  the  c(jst  of  storing 
the  extra  water.     The  portion  of  water  whicli  must  lie  stored  will  vary 
with  the  lo<"alities  and  with  the  seasons,  but  1  acre-foot  per  acre  is  cer- 
tainly a  .safe  estimate.     The  average  cost  of  rest-rvoirs  in  the  Cache  la 
Poudre  Valley.  Colorado,  as  given  in  a  previous  bulletin  of  this  Office," 
is  ^.^  per  acre-foot  of  cafwcity.     Tlio  annual  maintenance  charges  are 
but  a  few  cents  per  acre-fdot.  showing  a  good  proKt  front  the  lat« 
orops,  leaving  out  of  account  the  extni  cost  for  the  double  area  of  land 
rw|uired  for  the  grain  crops.     The  al»ove  figures  >how  that  it  is  much 
more  profitable  to  store  a  part  fif  the  flood  waters  of  the  early  suuuiier 
for  use  on  lat*  crops  than  to  extend  the  area  of  the  early  crops  tti  the 
liniit  of  the  watei'  siqiply.     In  other  words,  where  the  late  summer 
flow  of  .streams  is  now  fully  appropriated  but  there  is  an  uiuiscd  flood 
dis<'harge,  storing  the  flood  wati-rs  will  be  more  profitable  than  build- 
ing canals  to  bring  the  flood  waters  to  new  land. 

KcfitTuiiviitsou  the  duty  of  u'dUr. — Investigations  have  l)een  carried 
on   by  this  Office,  in  cooperation  with  se^-eral  of  the  agricultural 
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i-xporimont  stutions.  to  iis<'i'r-tniii  liow  niu<*li  wati-r  shuiiUi  !ii"  ti])j)lied 
to  a  j^'iven  arcii  of  luiid  in  tbi'  ijroihictioii  of  ii  yivi'ii  crop,  in  oi-ilor  tiitil 
the  best  results  slmll  <ie  attiiined. 


TIu"  nipthoii  1ms  li 


iliits  of  Imifl  vvliicli 


u*  niPtlKKl  Ims  liern  to  sci-iirp  -lovcnil  pints  ot  liiiirl  wliicJi  liavc  ii 
uiiifonii  soil  and  to  apply  wutt'i'  in  varyinj,'  di't>tlis  to  thi'  diticront 
plats  in  the  production  of  a  jj;ivi*ii  crop.  Sncli  work  lias  hcen  iucludi'd 
ill  the  coopenitivi-  iincsti^/'ation  in  (.'alifoniia.  I'.xperinicnts  iu'liij;-  cur- 
ried oil  at  I'otnona  and  C'bico.  Tlic  results  have  not  jct  liecn  reported. 
The  coopeniti\e  irrijfation  work  witli  tlie  I'taii  station  cousists  alnio-st 
entirely  of  c.\|>crinicnts  alon>,r  this  line.  The  crops  inclndetl  are  Italian 
rye  jjra.ss,  orchard  t^rass,  alfalfa,  wheat,  harley.  corn,  outs,  potatoe.s, 
carrots,  oniont;,  c4ihi>agG,  and  sugar  beets.  Plats  of  each  crop  are  to 
receive  eiifTerent  ipiantities  of  water,  receive  water  at  different  stayes 
of  their  yrowth,  to  have  water  applied  by  different  methods,  and  are 
to  be  cultivated  at  different  tinu^s and  with  varyinj^dejfreesof  intensity. 

In  addition  to  the  plat  e.xperiruents  at  tlu;  ajifi'icultnral  experiment 
htatiot),  arran},''ciiients  have  been  made  with  farmers  living;  in  different 
parts  of  the  State  to  irriji^ttte  and  cultivate  th<'ir  crops  acconliuir  to 
plans  made  by  the  iijjfent-s  of  this  Otlice,  tlie  work  beinif  in  a  treiieral 
way  similar  to  that  at  the  experiment  stutiittr,  but  done  under  tiidd 
conditions.  Records  are  kept  showinjj  the  time  each  plat  or  ti<dd  is 
watered,  (he  depth  of  water  receixed,  the  dates  when  it  is  culti- 
vated, the  yield  jier  acre,  and  any  other  facts  which  are  necessary  to 
Riakc  the  statement  complet*^.  The  records  for  the  work  of  l',ni4  have 
been  broujjht  tojrether.  but  one  year's  wiu'k  is  not  <'onsidered  a  suffi- 
cient basis  ftu' tletitdte  conctusious.  Therefore  tliese  records  will  not 
he  published  luitil  next  year.  Similar  experiments  were  made  in  New 
Mexico  in  ilM(4.  and  tlie  report  is  gi\en  on  payes  3n5-;517.  The  experi- 
ments seem  t<v  indicate  that  the  product  nicreasi's  m»u-e  rapidly  than 
the  quantity  of  water  applied  to  a  certain  point,  after  which  the  total 
product  jier  acre  can  be  iiu-reased  for  a  time  by  fnitlu'T  additicms  of 
water,  but  a  pitinl  is  Jinally  readied  where  the  total  product  per  acre 
decreases  as  the  quantify  of  water  applied  is  iiu-reased.  This  lueuns, 
of  course,  that  the  maxinunn  product  per  inch  indeptli  of  water 
applied  is  rea<'hed  lonif  before  the  point  of  maximum  return  per  acre 
has  Ijcen  reached.  In  the  production  of  oats  at  the  I'tali  station,  for 
example,  it  was  found  that  the  hiri,'est  product  per  acn*  was  secured 
where  water  was  applie<l  lo  a  <leptli  of  ;-!ii  iiu'hes,  but  tiic  lurijest  prod- 
uct per  acre-inch  of  water  was  secured  when  the  de])th  was  linrited  to 
15  inches.  In  the  production  of  wheat  tit  the  New  Mexico  station  it 
was  found  that  tlie  hirj^est  product  per  acre-inch  was  secui'ed  when 
the  depth  of  water  was  limited  to  24  inches,  tnrt  that  the  iiroduct  per 
acre  continued  to  increase  until  H;>,.'i  inches  hud  been  applied. 

It  is  very  c\i(!ent.  llici'efore.  tliat  whei'e  himl  is  plentiful  and  water 
is  scarce  it  is  poor  economy  to  conlmue  lo  apply  increasini,''  de|>ths  of 
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water  until  t\w  producl  per  iirre  bus  reiu-luul  the  uuixiimuii.  when  the 
.siine  water  uoultl  Ije  mtule  to  jirodm-e  a  iinieh  liirgcr  priMlurt  hyiipplv- 
iiig  it  to  11  larger  area  of  land.  If  more  hiltor  wi-re  nut  riMiuired  per 
aere-iiieh  of  water,  where  tlie  g-iven  atiioimt  of  water  is  applied  tn  the 
larger  area  of  land  in  the  prorliiction  of  :i  i»'i\'en  crop,  it  would  si-eni 
tliiU  tbf  dej)tli  per  acre  shoidd  he  su  liiuiterl  tliat  the  proilia-t  per  aere- 
incli  of  water  shall  reach  the  iiiaximiim.  Hut  as  n  matter  of  fsiet  more 
lalior  is  nNpiii'i'd  when  the  lartjcr  area  is  used.  ft>r  tiici'e  ai'e  certain 
Held  »>perati<Mis,  such  as  plowinw-.  sowiiifr,  and  rcapiny,  which  cost 
ahout  so  much  jier  acre.  It  would  appear,  therefore,  that  neither  the 
larjrest  pnxluct  per  acre  of  lutid  nor  the  larjjest  product  ])er  acre-iuch 
of  water  would  i)rove  most  pru4ilal>lc  lu  the  farmer.  The  uiost  profit- 
able use  of  the  water  lies  somewhere  lietween  these  two  e.xtremes. 
In  some  localities  where  water  is  abundant  the  economic  use  of  water 
will  lead  to  the  appli<'atioti  of  a  (greater  ijuautity  per  acre  than  where 
the  water  is  scaive.  It  i.s  only  by  careful  experimentation  that  the 
farmers  of  each  district  will  lie  able  to  adjust  the  relations  between 
the  tpuintity  of  the  water  and  (he  ifuantity  of  land  to  be  watered  by  a 
piveii  water  supply  so  a.s  to  secure  tin'  largest  net  pmlit  in  return  for 
tlieir  own  exertions. 

The  relative  scarcity  of  water,  us  comjmretl  wiili  the  areii  nf  land 
whi<-b  could  be  irrigated  were  the  supply  sutlicient.  gives  great  im|K)r- 
tance  to  the  work  of  this  OfBce  along  the  lines  of  conserving  moisture 
iu  the  soil,  so  as  to  reilucc  the  ((uaiititics  which  auist  be  supplied  by 
irrigation.  The  high  \  alue  of  irrigated  prcwlucts  and  the  limited  water 
supply  in  California  make  this  work  of  esjiecial  importance  there. 
Canals  have  hM-cu  cemented  to  avoid  seepage  losses;  watei'  is  taken  to 
the  fields  it)  underground  pipes,  and  in  sonu'  sections  is  distribulcti 
over  the  fields  in  )iipes  (»r  hose.  This  ( )ttice  is  extending  a  step  farther 
the  means  of  saving  water  by  making  experinu^its  to  iletermirTC  what 
metho^Ls  of  applying  water  and  of  eultivation  after  irrigation  will 
i-educp  to  the  lowest  point  the  water  re<|uirementsof  ci'opsatid  the  losses 
from  evaiKuiition.  The  experiments  are  still  iu  progress,  but  some 
results  can  l)e  given.  Water  was  applied  by  three  dilferent  methods: 
(1)  Flooding  the  surface;  {:*)  in  furrows  :>  inches  deep;  and  ('A)  in  fur- 
rows 12  inches  deep.  Taking  as  a  basis  the  ipiantity  of  water  evajxj- 
rate<i  luider  surface  tliKiding,  applying  water  in  furrows  H  inches  deep 
brouglit  about  a  siiving  of  i:!  i)er  cent,  while  applying  it  in  furrows  12 
inches  deep  brought  about  a  saving  of  :i.")  per  cent. 

LOSSES  OF  WATER  FROM  CANALS. 


Since  the  lieginningof  this  iiivestigaition  measurements  of  the  losses 
of  water  from  canals  have  been  made  in  cotuiection  with  the  studies  of 
duty  of  water  lo  compaie  tln>  losseii  from  canals  and   from  irrigated 


3(> 


IRRIGATION    AND    DRAINAC5E    INVESTIGATIONS,  1904. 


fieldn.  The  details  of  the  measurements  on  an\-  canal  are  of  value 
chiefly  to  the  owners  of  the  i-anal,  by  showing  them  the  losses  which 
they  sustain  and  whore  these  losses  occur,  enabling  them  to  determine 
whether  they  can  aflford  to  make  the  expenditures  necessary  to  improve 
their  canals.  The  averages,  however,  from  measurements  covering 
a  large  number  of  canals  are  of  genei-al  interest,  since  they  indicate 
something  as  to  the  amount  of  loss  which  must  be  reckoned  with  under 
average  conditions.  The  following  table  brings  together  the  measure- 
ments made  by  this  OlBce  during  the  years  which  the  investigation 
has  been  conducted: 

IjOimeii  from  ntnah  from  teejxige  tunl  eraporation. 


Name  of  oiinal. 


Volume  Los-"  I*''  ™"''-        i 

cari1e<i  (cii 

hie  feet  per  Cubic  feel      p„.  ,.,.„»  I 

seeond).    persecoiid.    '^«r<>^">- ■ 


Date. 


Arfzoim: 

A  rizonii 

1)0 

Do 

Cousolldate<l 

Do 

Do 

('uliforiiiii: 

Calliwii  sloiuth 

Tipton  irri|$alioii  district   

Do.... 

Fine  dilcii 

Do 

Vandaliu  dilcli 

Do 

Do 

Porter  sluugli 

Do 

Poplar  ditcli 

Do 

Do 

Do 

Do 

Do 

Piano  ditch 

Pioneer 

Do 

Do 

Do 

Do 

Plca.>i«nt  Vttllcv  ditdi 

Do 

Soutli  Tnle  ditcli 

Do 

Ditches  in  Santa  Clara  Valley 

Imperial- 
Birch  lateral 

Do 

Beach  lateral 

Dahlia 

Dopwo<Kl  lateral 

Holt  lateral- 
First  section  

Second  section 

Rosi"  lati'ral— 

First  section 

Second  st^ction 

Mixlesto 

Colorado: 

(Jrand  Valley,  high  line" 

Lake 

Idaho,  Kaft  River:  Pierco-Keogh  wi'sl  ditcli... 


79.90 

93.  i7 
113.00 
1?4.00 

22.  «0 

53.2.1 

.'w.OO  . 
-!i.m  . 
48.70  . 
21.20  . 
31.90  . 
10.00  . 
16.00  . 
10.20  . 
97.(10    . 

3.70  . 
35.30  . 
73.30  . 
73.80  . 
42.  SO  1. 
2ti.90  . 
21.90  |. 

7.50  . 
45.00  i. 
37.70  ■■. 
27.70  '. 
37.20  . 
23.90    . 

5.fi0    . 

4.90  !- 

7.90  1. 

5.00    . 


.M 

.88 

..TO 

.70 


O.Wt  ■  June  26, 1900. 

.(*0  I  Aug.  4,1900. 

.48  ;  Oct.  K,  1900. 

.  70  I  May  29, 1900. 
2.20  I  June  2(>,  1900. 
1.31     Aug.  4, 1900. 


17.75 
24.45 
7.12 
4.'>.  40 
22.60 

27. 2K 

12.92 ; 

36.  ,55 
24.f>» 
260.00 

139.02 

456.33 

4.76 


.25 
.20 
.42 
.91 
.95 

.57 
.31 


.26 
1.70 

2.2:t 
.11 


.5.20 

6.  HO 

6. 75 

11.33 

16.00 

46.00 

41.50 

64.00 

.80 

11.50 

6.26 

3.25 

2.84 

9,fi0 

6.  ,55 

7.6« 

16.00 

2.14 

.46 

1.15 

2.20 

1.09 

11.11 

8.60 

2.  HO 

2.60 

6.00 

1.40 
.HO 
5.90 
2.07 
4.22 

2.00  I 
2.40  I 

2.07  i 

l.a5  ! 

.65  , 


June  6,1901. 
I  May  28, 1901. 
I  June  17, 1901. 

May  24, 1901. 

June  18, 1901. 
Do. 
I  June  21.1901. 
I  July  1,1901. 
I  June  1, 1901. 
I  Julv9,1901. 
'  June  12. 1901. 

June  14,1901. 
Do. 

June  27. 1901. 

June  29, 1901. 
Do. 

July  1,1901. 

May  20, 1901. 

May  31, 1901. 
Do. 

Juir  10, 1901. 
Do. 
.  July  2, 1901. 
■  Aug.  1,1901. 
i  July  3, 1901. 
I  Aug.  4, 1901. 
i  1904. 
I 

I  1901. 

1904. 
I  1901. 

1904. 
!  19(M. 
I 

19(M. 

1904. 

1904. 
1904. 
19(H. 


.3.S  ,  Jlllv  10-12, 1901. 
.49     June  9, 1901. 
S.61  I  1901. 


oMain  line  of  UraiKl  Valley  canal  shows  a  gain. 
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Ijottes  from  canals  from  ttepage  and  evaporation — Continuetl. 


N'ame  of  canal. 


Montana: 

Middle  Creek 

Weiit  Ciallatin 

Farmern' 

Middle  Creek 

Big  ditch 

Kepablican 

Nebrexka:  Cnlbertson 

Oregon,  Klamath  County: 
Adams  ditches— 

New  ditch 

Old  ditch 

Ankeny  ditch 

Do 

.Mitchell  ditch 

rtah: 

Uigan  and  Richmond 

Uigan,  Hyde  Park,  and  Smithflcld . 

Bear  River 

West  line 

Corinnellne 

West  line" 

Wa.'ahington,  Yakima  Valley: 

Snipes  lateral 

South  Branch  lateral 

Wyoming: 

Canal  No.  2 

Do 


Volume 
carried  (cu- 
bic feet  per 

second) . 

Lowip« 

Cubic  feet 
persecond. 

r  mile. 
Per  cent. 

Dale. 

98.90 
114.45 
133.10 

63.04 
254.47 
120.49 

80.62 

.5.38 
.98 
2.19 
1.16 
2.96 
3.05 
1.94 

5.34 
.86 
1.65 
1.84 
1.16 
2.53 
2.41 

July  10, 1899. 
July  18-20. 1900. 
July  30. 1900. 
June  27-28,  1900. 
Aug.  9-13,  1900. 
July  21-24, 1900. 
Aug.  7-8, 1894. 

16.99 
18.16 
43.98 
43.41 
3.93 

.29 
.29 
.86 
1.21 
.53 

1.71 
1.60 

■1.96 
2.79 

13.62 

1904. 
1904. 
1904. 
1904. 
1904. 

82.ia 
50.  .57 
279.34 
138.  .59 
118.94 
319.27 

2.28 
2.65 
1.44 
.30 
.69 
1.11 

Average  of  6. 
Average  of  8. 
June  25. 1901. 
June  2.5-26,  1901. 
June  26-27,  1901. 
Aug.  6-8, 1900. 

4.02 
.42 

.82 
3.54 

63.00 
16.51 

.13 

1.33 
.80 

1904. 
19W. 

89.6.5 
36.  ,52 

1.00 
.94 

July  9-11, 1900. 
Aug.  20-22.  1900. 

.Average  . 


« Includes  what  is  given  as  main  line  in  measurement  of  1901. 

The  general  average  of  all  these  measurements  vshows  that  0.76  per 
cent  of  the  water  entering  the  canals  is  lost  in  each  mile  of  length,  the 
lo.sses  ranging  from  0.3  to  64  per  cent  per  mile.  The  heavier  losses 
occur  in  the  small  ditches  flowing  over  gravel-bottom  lands,  while  the 
small  losses  occur  in  ditches  which  are  so  situated  that  they  presum- 
ably receive  drainage  from  higher  lands  and  those  which  carry  muddy 
water  through  a  fine  soil  and  therefore  become  silted. 

Grouping  the  canals  given  in  the  foregoing  table  according  to  the 
volume  of  water  carried  gives  the  following  re.-iults: 


Ijoniie*  of  maler  from  canah  by  sfeiiar/e  awl  eraponition,  hi/  tjroufis. 


So. 


J 


Percent- 
ago  of  lows 
ix'r  mile. 


Canals  carrying  100  cubic  feet  per  second  or  more 1  13  , 

Canals  carrying  between  50  and  100  cubic  feet  per  second I  15 

Canals  carrying  between  25  and  .50  cubic  feet  p>er  second [  15  . 

Canals  carrying  less  than  25  cubic  feet  i>er  second !  24  ' 


0.96 
2.58 
4.21 
11.28 


This  table  brings  out  very  clearly  the  advantage  of  carrying  water 
in  large  canals  rather  than  in  several  small  canals,  where  this  can  be 
done.     Along   a  great  many  streams   several    canals   parallel    one 


38  IRRIGATKIN    AND    DR.VIXAGE    IXVESTIGATIONS,  1904.  fl 

iiiiutlicr  for  lonif  (listnuct's.  In  such  situations  tho  finTviiijr  of  the 
water  in  one  Inrjje  riiiiul  would  iiipiiu  ii  vfry  groat  saviii},'  of  water. 

The  tigurcs  jjiveii  in  the  forcgoiii^f  tabk'«  are  the  results  of  ii  .sinjjle 
srrii's  of  luca.siireiiieuls  iti  each  case  luid  are.  thcrrfurc.  lialdc  ti>  con- 
sideralilc  (MTor.  due  to  chaiij^ffs  iti  tin-  tiisfhari;t«  of  the  canal  ihirjjiy 
the  projfress  of  the  lueiisurt'iiieiits  or  to  eotulition.s  which  are  teiiiix)- 
rary.  A  iihicIi  hetter  iiieiisureini'iit  of  tlu-  losses  would  be  continuous 
record!*  of  the  Iknv  iit  the  upper  mid  lower  eiuis  oi  the  .sections  under 
considemtion.  Such  records  were  kept  durin^j  the  season  of  littM  on 
the  Mixlesto  and  T\irlo»'k  canals  in  California  (see  ]>.  llrt). 

The  records  for  the  seitson  are  given  in  the  followinif  tahle: 

I  Lomiea  iij  imier  Jrmn  MoJexlo  •ind  Tnrlurk  raiuih  iluritnj  the  uamm  nf  J!X)4. 

I  Modesto  <-annl: 

I  l>iwhiir(»e  (or  iieiii4(iiial  hcuil acre-ft-t't..     iX),  "95 

I  Disrliarjii'  (or  iieason  at  WiiU-rfunl,  22  uiileii  lielow  lu-ttil, 

I  acre-feet 7«,717 

I                          Lo.is aore-ftft . .  14,07k 

■                   Percentage  nf  loss 1  .^).  .t  1 

I                   Perccntajre  tif  Ujss  jier  mile .71 

I  TurkM-k  i-KiirtI: 

I                   Diecliartje  at  linul.  for  «'a«oii acre-fe<'t..  ltit!,84o 

I                    ISisfhartic  22  miles  l«'low  hea<l <lo i:-Ml,  753 

I  t/>ss clo -.iit,  (W2 

I  lVri-eiita>.'i' of  losi* 18.W 

r  Pen-entatfe  of  loss  |nT  mile .82 

The  single  measureinent  of  the  Modesto  canal  (jri'viousiy  given 
showed  a  loss  of  (J.tio  per  cent  jier  mile,  while  the  ree4)i'd  for  the  sea- 
»on  showed  a  loss  of  o. 71  per  eetil  per  mile,  a  very  slight  variation. 

U  RETURN  SEEPAGE. 

SOUTH    I'l.AlTK    AMJ   TUlUUTARIKa. 

The  gain  in  the  flow  of  streams, due  to  return  seepage  from  the 
irrigated  lands  lying  ali>ng  their  courses,  has  been  lirought  into  great 
jjroiuinence  during  the  past  few  yeai's  in  connection  with  discussions 
of  the  use  of  interstate  streams  in  irrigation.  These,  however,  are 
e<pially  important  on  other  streams,  atlecting  the  distribiiliou  of  water 
by  |aiblic  ofiii-ials.  In  order  that  these  ollii-ials  may  make  a  fair  divi- 
sion of  the  water,  it  is  neces.sary  that  they  know  api)roxiniately  how 
inui'h  water  will  return  tit  the  stream  along  its  course  to  siip])ly  ditches 
heading  on  the  lower  sectiotis.  Mea>ureinent.s  of  return  seepage  have 
Iteen  carried  on  on  the  South  Platte  and  its  tributaries  in  t'oloradt) 
for  many  years.  The  recor<ls  ou  the  Cache  la  Pondre  extend  back  lo 
1885."  and  on  the  South  I'latte  to  18S9.'' 

"Colorado  Station  Uul.  3a.  DBeporta  o(  the  State  engineers  of  Colorado. 
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Duriiiff  lht>  seusKii  (if  lltM;^,  in  foiiiifctidii  \vi(!i  tlic 

.study  of  riifhts  to            ^| 

water  from  Hie  I'lattf  River  siml  its  triinituries  in  tblunido,  Wvoiii-            H 

iiiL'.  Hiifl  Xeljra.skii.  iiu>tt.siir('meiits  were  made  t(j  dpteniiine  theHmoiuit            H 

of  reluni  .leepiiire  on  the  South  I'iiittc  Kiver  in  Colonitlo  luui  NCtmiska,            ^U 

on  tlie  iSt.  Vraiii  in  Colonulo.  on  tlie  Nurlh  I'lutte  in  Wvuininjj  and           H 

Nelii-aska.  and  on  llie  liarniuie  in  Wvomint;.     Tliese   ineii.-iureinfnt.s           ^M 

are  inirtiallv  roportpd  in  Hiilletin  147  of  ihin  Orti('(?.  hut  ai-e  ijiven  licrc            ^M 

more  in  detail.     Tiie  f<.>llo\viiiir  tulile   .sliow.s   the  yaius  in   tlu>  How  of            ^| 

tlic  .S>utli  Piatto  Hiver  at*  measured  in  Auffu.st.  19(i3.  l(v  Mr.  C.  K,           ^M 

Tail,  of  this  Office,  and  Prof.  O.  V.  P.  ritt)ut.  of  the  Uiuversitv  of           ■ 

Nebiiuika:                                                                                                             ^^^^ 

1                                     Jietum  Mtpwjc  Iv  .SniiVi  Plalle  Hiivr.  Auijtitl  S-SO,  190.1.                                 ^^^| 

^^P                                                               [Cubic  twt  prr  wcood.]                                                                    ^^^H 

L LetiKth 

^^^                  tircUon  meaninHl.                          of 
^^H                                                                 nvtlon. 

rhurge 

at 

iiptwr 

station. 

lufloir. 

Dlvcr- 
aioiu. 

Di»- 
charge 

nt 

lower 

atation. 

i-jiii  "*•  '        ■ 

^^^■flntii'  ffttiyon  1(>  City  dllrh, 

MOtt. 
5.26 
6.25 

10.  ao 

7.00 

7.(10 
7.25 
7.60 

91.86 
«.04 
35.52 
6a.  IH 

• 
"  3.(18 

11 4.  W 

R  «e 

+  31.64     +  6.04                ^1 
1-  24.31  1  +  3.H9                 ^B 
4  12.66     -1-  1-19                ^M 

14  (M   i     19.  37 

3.97  ,      i.W      46.36 

^^^^K........  t..                        <^l««r  npoAlr 

4  26. 16 

+  4'2.S8 
4  36.06 
4  18  7.S 

+  6.05               H 
-t  2.S0                ^M 

^^■Brlnw  CleHr   Crrek  lo    below  Bninln<.>r 

^■Trtlloh    

^^■8>'l'uv  ltrnii(ncrcll(<  h  tu  Brighton 

122.66  1        .74 '156,68 
4.75,        .00,     18.00 

26.81  '      3.M)  1     44.33 
11.99           .00       '£l.t!U 
1.97  :        .00       11.47 
j 

13.H4  1     96.74        90.99 

9.20 

26.81 

5  09 

8.  Ml 

1.97      4  25.67      4  3.02                  ^M 

^^■^nttovilli*  tnatMivt*  Ht.  Vralfi  River 

^^KAbi'Ve  St.  Vmlu  Kivcr  lu  at>ovc-  S^ctioTI  I 

^^H^.ll<..i. 

4.7.'i 

7.25 

XSO 
2.50 
6.50 
2.00 
11.(10 
8.00 

16.50 

18.84 

W.1S 

68.87 
6.73 
61.15 
93.31 
116.99 
117.99 

32.26 

60.76 

+  23.34 

4  88.64 

+    8.87 
+  14.81 
h  83.88 

t   32  16 

*                ^m 

4                                  H 

+  8.56                H 
+  5.9(2                ^1 

4                               ^M 

4  IK.  on               ^H 

^^■AlMivt' .SmMIiiii  3(llu-h  Uibf  luw  BIcTlmmp- 

^H^».i<  liiv.r 

^^■BrloH  Uii;  TlKiiupwn  River  to  Kvaii» 

^^■,Evan.<<  (11  briiiw  Ckohi-  In  IVmiln-  River 

58.13  1     93.09 

fla.87         9.17 

6.78       34.22 

61.15          .00 

31.22 

86.12 

s;<.33 

.(JU 

^^^■KfP^'T  •'■  n'^'V"  Pft""  '""'r' 

93.31 
116.99 

117.99 

82.26 
6a76 
mi  lU 

1.34       10.  lit 
.00       20.56 

.oof  142. 41 

2.M           .00 

->^   32.52      .    2.96                  ^H 
4  21.56     +  2.69                 ^H 

+  U.67      4   H.43                  H 

+  26.97  1  +  3.i.i                ^1 
+    Z63     +    .88                H 
+  46.24  I  +  4.0'>                  H 
4   34.76       ■    I.9H                    H 
4  73.92      4  5.09                 ,■ 
+  39.27  1  4  8.92                  H 
+     4.61      4     .:tl                   ^M 

^^■A)»<>vt;  HIJMii  cunal  toljelow  rudiiiin  ditch. 
^^■Jklotv  I'lilimin  ditrh  to  nbove  Fort  Mur- 

^^HBrlow  Fort  Monran  i-anul  lo  bi-low  BIJitii 

S.0O 
3.00 
11.50 

^^KBrlow  BIjoii  Cn-L-k  to  Fon  MurKuii 

.00        1.00  ,    62.39 
.00         1.33     146.27 
.00     151.93       29.10 
.85  i     81. 20  1     22.67 
16.49  1    61.20  1     14.23 
.00        ia.48         5.36 
.00          1.29         .V7h 
.00          .00  '      7.75 

^^■ftnydrr  (<'  MiTiim 

18.00  '  146.27 
14.50       2U.10 
10.00       22.67 
U.00       14.23 
17.00        5.36 
15.80        6.78 

^^f  F'                   '"IT 

^H   ' 

^H  1                   ik-wick 

4     1.71 
+     1.97 

+    i;!            ■ 

^^^P           Ttrtnl  for  r'frl'rm'l^ 

!B2.75 

1 

+727.61 

+  3.30                1 

1            Henil  u(  W(-xtrni  riinul  toOgiUiLllit 

L OijiUimu  lo  Kortv 



26..%      91.10          .00,    11.25  1      4.W 
IS.OJ         4.99  1      2.72  1        .00  1        .00 

-  74.86     -  2.82                ^m 
7.71            .&»                B 

39.  .VI 

-  8Z.»T     -  2.0»                H 



1          The  last  column  of  the  table  .showiii>r  the  iraiii  or  lo.s-s  per  mile  is           ^M 

valuahie  for  the  purpose  of  ctiniparinu  the  tjains  in  different  ,sectioii.s           ^M 

of  the  stn^nni.     The  lai'jjest  return- — 1(!.U.K  culnc  feet  |)er  secnnd  per            ^M 

niilc  -i.H  in  the  section  immediatelv  helow  the  inoutii  of  the  (.'ache  la            V 

Poudi'P,  the  larjje.st  trilnitary  of  the  Soutli  Platte.      I  he  canal.s  heiid- 

injr  ill  the  Cache  la  Poudre,  as  well  iis  lliose  hcadiiifrin  the  Plntte,  irri- 
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pito  liiri;;e  nrcus  liunlcrinj^  tliis  soctioii  «>f  tlir  stii-Hiii.  aiul  seepage' 
water  tindiiiy;  its  way  down  th(>  viiltoy  of  tlio  Ciichi;  1h  I'liiidiv  nUo 
enters  this  section  of  th^  rivt-r.  Thi-  next  Inrtfcst  gain — S.24  cubic 
feet  per  sceond  per  mile — is  in  tiie  section  inune<iiiitel\-  altove  tliat 
showinjf  the  l:irj,'est  a&iu.  Tfii.s  se<'tion  lies  just  Ik-Iow  the  uioutii  of 
the  HifT  Thompson  River,  mid  i»  large  part  of  this  gain  undouhtedly 
eonies  from  limii  watered  liy  the  Big  Thompsfyn.  Similarly,  the  next 
largest  gain  is  in  the  sci'tion  just  below  the  mouth  of  Clear  Creek. 
The  other  sections  showing  the  large  gains  are  also  near  the  mouths 
of  natural  trilaitaries  whose  valleys  are  irrigated.  The  lowest  rate  of 
gain  is  in  the  sections  farthest  ddwn  the  river,  where  there  is  little  irri- 
gation an<l  no  tributaries.  In  the  two  sections  in  Nebraska,  where 
there  is  even  less  irrigation  than  in  Colorado,  the  channel  heeomes 
more  sandy  and  Itroader.  The  river  was  entirely  dvy  at  Korty  when 
these  measurements  were  made. 

Measuretuenls  similar  to  those  reported  nii  page  S!(  have  been  re- 
ported by  the  Stjite  engineers  of  Colontdo  covering  the  years  from 
188!)  to  iy02,  with  the-  e.xeeption  of  IsitT.  The  results  of  these 
niea-stirements  are  given  in  the  following  t^ible: 

Gain  injloin  0/  South  T'ltillr  Rinr  from  return  uteiinijf. 
[Cubic  feet  per  second.] 


Section. 


'    Dis- 
tance. 


PlRttcCnnyontohenrtofCityditch. 

Head  u(  ritydllch  to  Ultlelou 

Li II lolon  to  Inn ver 

I  Denver  III  BriBtiInn 

BriKlilon  t..  I'liitteville 

Piiiltevlllelo  KviuiK 

L  EvnnA  lo  Pnlnam  dtlcii , 

FPntnani  dlleli  In  Fort  Mnrgiin * 

Fort  MdrgiinUi  Snyder 

Snyder  lo  Merino , 

Merino  to  sterling 

Sterling  to  llilT 

IIIIT  to  CriH.lt 

Croolt  to  SedRwiclc , ' 

Ec<lgwl<'k  to  Slate  line 


Toul 232. 7ii  I  4J2.77 


Mllr*. 
.V25 

10.60 
21.26 
16.00 
17.00 
27.50 
27.60 
11. .VI 
18.00 
M.AO 
10.00 
16.00 
17.00 
16.60 


1«88. 


49.91 
1.00 
26.16 
66.31 
63.62 


32.75 
4.44 


1890. 


1691. 


11.73 
43.88 
43.30 

j  78.00  I 

'ri5e.69 

60. 6H 

21.. U 
29.46 
14.06 


27.57 
62.61 
16.20 
7)1.  »I 
61.74 
7-2. 2» 
119  60 

61.  RO 

79.73 

33.36 

2H.07 

-13.07 

'   S.S1 


449.21   602.00 


1892. 


1894. 


1195. 


25.32 
44.63  I 
69.61  I 

-13.39 
04.37 
12.82 

137.76 


18.41  I 

23.60 

41.  J7 

69.73 

116.91 

61.11 

8.VK5 

113. H9 

34.72 
13.76 
24.84 


49.23 

26.59 
IIS.  92 

M.3U 

l<6.0l 
107. 4« 

98.61 

168.  X 
68.67  ]' 

I  43.80   I 


—34.17      -82.89 


20.21 

66.23 
117.80 

13.89 
IM.  44 

44.28 
179.41 
2K4.1I 

14.82 
146.26 

46.80 

16.99 
-48.06 


330.61     672.99     722.66       942.30 


Section. 


lancc. 


Pill  Iteritnvon  til  hfnd  of  city  diteh. 

Head  of  City  diteii  to  Liltietoti 

I.illlelon  to  Delivir 

Iienver  to  iirtKlnon 

BriKliloti  to  eiKtleviilc 

I'tnltevilk'  til  Kvan» 

Eviin*  to  i'litiinm  rilteii 

Putnam  dlii'h  to  Ftirt  Morgiin 

Fort  .Morv'aii  lo  Snyder 

Snyder  lo  .Merino 

Merino  toSlerliiiK 

si.TliiiB  lo  llin 

111(1  loOnN.k 

Crook  lo  Sedgwick 

Seilgwiik  lo  Stale  line 

ToUl .'....... 


MUn. 
5.26 
6.26 
10. .'« 
21.26 
16.00 
17.00 
27.60 
27.60 
11.60 
18.00 
14.60 
10.00 
16.00 
17.00 
16.60 


1896. 


10.18 
14.76 
3:<.  96 
67.29 
92.87 
37.59 


1898. 


1,21 
26.44 
61.63 
49.66 
112.36 
110.97 


87.  99  I  IIIO.  13 
90.61   I     9-1.62 


,61    I 

.Vi  79  I 
116.21  1. 
32.60  i. 
21. 8t    . 


37.13 


232.75  I  606.20  i  664.14   1.102.61 


1899. 


190U. 


72.98 
60.96 
16.40 

124.01 
88.79 

111.60 

1611.. '18 
97.74 
72.63 
93.87 
73. 73 
46.19 
69.38 

-17.13 
41.23 


33.96 
40.17 
16.22 
70.27 
K.W 
117.10 
79.14 
99.79 
83.77 
86.64 
62.  OH 
6.19 
23.64 
60.69 
77.98 


1901. 


21.22 

11.49 

3.6.63 

73.29 

130.67 

138.81 

182.24 

90.89 

6.6.87 

97.04 

47.00 

32.04 

12.12 

\    3.73 


1902.    I    1909. 


6.01 

13.24 

24.90 

48.67 

66,24 

95.17 

92.23 

117.28 

61.33 

80.36 

97.17 

7.27 

29.83 

I       .10 

I  10.67 


31.64 

24.31 

12.66 

103.60 

44.41 

H.6.66 

139.77 

8.S.27 

46.24 

34.76 

73.92 

39.27 

4.61 

1.71 

1,«7 


(00.19     941.67  I  749.49  1    729.61 
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rhp  tiiljlo  show.s  thiit,   tliore  i.-<  no   iinifoi'iiiitv 


tl 


10  gn.u\  in  any 


8Pctiuii  from  year  to  year  or  in  the  fitieiiiii  :i.s  a  whole.  The  amount 
of  return  seepafje  depetid.s  on  .so  many  factors  which  vary  from  year 
to  year  that  it  is  not  to  ))€  expected  that  tlieie  would  he  any  iini- 
foimily  or  any  Kniduai  in.crease  or  ilecrea.sc  in  the  .seepage  returns  in 
any  given  section.  The  amount  of  water  coining  into  the  stream 
from  the  land.s  Iwndeiinij  it  in  any  .section  must  depend  primarily 
upon  the  amount  of  water  received  by  these  land.s,  eitlier  in  the  form 
of  rainfall  or  irrigation.  The  amount  of  niinfall  varies  from  year  to 
year  without  any  fixed  law,  and  the  lunoiint  used  in  irrigation  dei»ends 
upt>n  the  amount  wliich  can  be  .secured  for  that  purpose.  In  general, 
then,  larger  returns  will  he  expected  in  wet  years  than  in  dry  years, 
since  in  such  years  the  lands  receive  more  water  from  both  iiTigati(  n 
and  mill  fall. 

The  nite  of  How  of  water  through  soil.s  is  extremely  slow,  and  water 
applied  to  land  at  some  di.stance  from  the  stream  takes  several  yeai-s 
to  reach  the  .stream,  so  that  the  entire  ctTect  of  heavy  irrigation  may 
not  he.  shown  immediately  in  the  return  seepage.  This  would  lend  to 
decrease  the  variations  in  the  return  tlnw  due  to  wet  and  dry  seasons. 
It  is  therefore  practically  iuipossi[)le  to  establish  any  relation  between 
the  quantity  of  water  received  by  laud  and  the  amount  of  w ater  which 
will  Ih?  .supplied  by  this  hurd  to  the  sireain.  However,  grouping  these 
measurements  will  help  to  iiiiniiuize  tin-  eUcct  of  variations  since  these 
will  tend  to  off.set  each  other.  The  me^isuremcnt.s  given  cover  fourteen 
years.  Dividing  these  into  twt*  se\-c'ii-year  j)eriods  gives  the  results 
which  are  shown  in  the  following  table: 

Gain  or  loM  in  flow  of  Soitlh  PliiUe  Rirfi'  Inj  neren-urui-  jirriixU. 


[Second-reet.l 

Section. 

Lracth. 

B«(»rv  1896. 

After  1895. 

Total. 

fer  mile. 

Total, 

Pit  mill-. 

MUa. 

S.25 
6.25 
10.60 
21.25 
16.00 
17.00 
37.50 
27.60 
11.60 
18.00 
14.60 
10.00 
16,00 
32.60 

28.16 

37.17 

56.95 

4*.2« 

67.94 

67.32 

119.90 

93.34 

25.  l:- 

«S..U 

32.  Kl 

16.58 

—14.83 

— 21.2ti 

5.86 
5.95 
6.42 
2.04 
4.25 
3.37 
4.30 
3.39 
2.18 
3.52 
2.21 
1.66 

—  .99 

—  .to 

25.17 
27.34 
28.76 
76.68 
84.49 
99.68 
127.41 
96.17 
50. '.17 
711.  at 
64.  U 
25.22 
27.92 
13.91 

4.79 

Cllvdllch  to  LllllcUm 

4.38 

Litik'loii  to  Denver ..•.•.......•.....,..,... 

2.74 

3.61 

Brtxlilon  lo  rmllcvllie 

5.28 

5.85 

4.63 

I'litimin  iliirh  lo  Fori  MorgHn... 

8.46 

5.21 

Sliyilrr  Id  Miriiio , 

Meriii"  l<>  SItrling 

Slt-rllni;  to  IlilT  . 

4.24 
4.44 
•-'.52 

l.8« 

Cn»ok  10  StAie  lln^. 

.43 

In  some  yeai-s  the  sections  hetween  inpasurements  were  not  the  same 
ifej  tho.se  given  in  the  table,  but  included  two  or  more  of  the  .sections 
as  given.  In  such  cases  the  gain  or  loss  in  the  larger  section  is 
divided  betwef^i  the  .sections  as  they  are  given  in  the  table  in  projxir- 
tion  to  the  mileage.     The  results  given  in  the  table  are  shown  graph- 


Iliagram  (howing  ivtum  aeepogr  to  South  I'intlc  KiTor  for  two  seven-year  periods,  igW-ltWi, 
and  18%-11>(KI.  ext'ltulhiK  IRUT. 
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distnncp  fnmi  tlie»  iipiMT  iiicjisurcnii'iii>  iit  PliittoC'nnyon.  The  haU-liod 
i-oluiiiii.s  show  till'  giiiiis  ia  tlie  lir>t  scveii-yi'ar  poriiicl.  from  is.sy  to 
18*.>5.  The  solid  c(jlumns  show  the  grains  in  tho  second  seven-year 
ix-riixl,  friiiii  istic.  t<»  i'MV.i.  t-xchulinj,'  ISitT.  The  ditfi'r«»nce  in  the 
heights  of  the  two  t-olnnms  for  any  section  represents  the  increase  or 
decrease  in  the  return  waters  for  that  seetion  in  tlie  seeoad  seven-year 
j)eriod  over  the  rettirn  wiilers  for  the  <ntne  seetion  for  thi^  first  seven- 
year  j>eriod.  The  diajfrain  shows  that  lietween  I'iiitte  Canyon  and 
Denver  the  return  seepage  was  greater  for  the  tirst  seven-year  period 
than  for  the  seeond. 

Few  diagrams  conneeted  witli  irrigation  investigations  are  more 
instructive  than  figure  1.  The  variation  in  the  return  seej)age  in  the 
ditfeient  sections  of  tin*  river  relleets  with  surprising  aceiiraey  the 
influences  which  modified  return  seepage  during  liiat  time.  Heginning 
at  the  upper  end  and  taking  tiie  section  embraced  in  tiie  2U  miles  from 
Platte  Canyon  to  Denver,  we  tiiid  tliat  the  return  seepage  during  I  he 
tirst  period  was  greater  tlian  (Jui'ing  the  second  period,  a  decrease 
iuiitead  of  an  increase  in  the  quantity  of  water  returning.  This  is 
contrary  to  the  genenil  tendency  on  western  .streams,  and  tliere  must 
have  heen  some  sjx'cial  rea-son.  What  was  iti  There  were  two  pre- 
dou)inating  causes.  During  the  greater  part  of  the  tirst  period  there 
was  no  law  re(iuiriHg  ]>rotoctioti  of  priorities  and  reijtiiriiig  tin' divisitm 
of  water  Ixjtween  irrigation  district-s.  The  Platte  Ki\er  was  divided 
into  three  districts,  and  the  section  hctween  Platte  Canyon  and  Denver 
was  in  the  upper  district,  and  (he  two  lower  districts  had  no  legal 
means  of  compelling  (he  irrigators  in  this  section  to  respect  tlieir  pri- 
orities; hence  tho.se  in  district  3  were,  during  much  of  the  year,  utile 
to  have  an  abundance  of  water  and  to  use  it  generously.  Tlie  result 
was  a  large  proportion  ri'tui'ued  as  seepage. 

Furthermore,  in  tiie  earlier  peri<jd  the  ditches  irrigated  the  lunds 
nearer  the  streams.  Much  of  this  hind  was  undei-laid  with  gravel,  and 
a  large  percentage  of  the  water  taken  out  returned  (Oiickly  to  the 
stream.  During  the  second  period  the  law  providing  %r  recognition 
of  prior  rights  on  the  lnwer  part  of  the  stream  was  enforced.  The 
i|Uantity  of  water  available  in  this  section  of  tlie  stream  was  greatly 
reduced.  Water  had  to  he  u.sed  with  greater  economy.  The  result 
wa>  a  less  volume  of  return  .seepage,  .\nothcr  contriltuting  cause  was 
that  the  earlier  ditches  were  extended,  reaching  farth»'r  back  from  the 
streauj  and  causing  the  seepage  water  to  return  lower  down,  probably 
in  some  cases  below  Denver. 

In  the  section  between  Denver  and  l-^vaiiswe  lind  a  reversal  of  wlnit 
took  place  in  the  section  between  Platte  Canyon  and  Deiner.  In  the 
npj>er  section  the  return  see[>age  was  less  in  the  second  jwiiod.  In 
the  lower  section  the  return  is  far  greater  in  the  second  (M-riod.  The 
following  are  the  reasons  for  this.     During  the  tirst  jwriod  the  lands 


J 


44 


IHKIGATIOX    And    DRAIXACiE    INVESTIGATIONS,  1004. 


undtu'  siiiiio  of  tlio  \nr^*'  dit<-li>\-i  \\v]v  trot  fully  livonj^lit  iimlcr  irriga- 
tion; ln'iice  the  subsoil  was  iiot  fuUv  saturated  und  tlio  atnuitiit  c»f 
water  Hiidiiig  its  wiiy  baok  into  the  stream  was  small.  Durinff  tbe 
second  jieriod  the  exteiisioti  of  tlie  iriipiled  area  and  the  hllitijr  up  of 
thesuljsoil  had  pro^^fressed  fiireuoujfli  to  uniterially  increase  the  return 
seepage  rate. 

Auotliei'  fat-tiir  in  increasiiiir  the  seepage  flow  was  tin-  law  providing 
for  tlie  recognition  of  prior  rights  in  the  middle  district  <)f  the  sti'eam. 
This  gjive  more  water  to  this  sei'tion.and  the  use  of  this  water  pro- 
duced more  return  seepage.  Still  another  factor  was  the  construction 
of  reservoirs.  The  huilding  of  the  reservoir  at«)ve  Cireeley  titled  the 
subsoil  of  that  town  with  see|)ftge  wat^r  and  compelled  the  huilding  of 
a  drain.  This  was  all  seepage  water,  rirdtnihtedly  a  great  deal  of  it 
passed  on  beyond  the  town  of  (ireeltiv  and  found  its  way  into  the 
channels  of  the  Big  Thompson  and  Platte,  and  the  same  action  took 
place  frcHu  other  reservoirs  built  during  the  latter  part  of  the  tirst 
period  and  the  first  part  of  the  second  period. 

The  sections  between  P]vans  and  Fort  Morgan  show  approximately 
or|ua!  gains  ill  the  two  periods.  In  these  .sections  a  large  tuunber  of 
ditches  have  been  constructed  for  the  purpose  of  collecting  .seepage 
water  for  use  in  irrigation.  This  prevent.s  this  water  from  reaching 
the  river,  and  therefore  it  does  n<it  show  in  the  nteasurements  of 
return  .seepage.  This  probably  explains  the  fact  that  the  volume  of 
water  returned  to  the  .stream  in  the.se  .sections  did  not  increase  in  the 
second  period  as  compari'd  with  the  first. 

When  we  come  to  the  lower  s(>ction  of  the  stream,  from  Fort 
Morgan  to  the  State  line,  we  tind  again  a  marked  increase  in  the  seep- 
age rate  during  the  secom!  period.  This  grows  dut  of  the  fact  that 
much  of  the  land  was  imt  irrigated  until  during  the  tirst  period.  The 
ext(:'nsion  of  the  Fmt  Morgan  and  Platte  and  Heaver  ditches,  which 
took  jilace  during  the  tirst  period,  did  not  result  in  com[)letely  ,s!itu- 
rating  the  subsoil  and  liriuging  about  the  full  eS'ect  of  return  seepage 
until  in  the  sefond  period.  In  the  district  lielow  Sterling  there  was 
«o  little  irrigation  during  the  tirst  period  that  retui-n  seepage  was  not 
sufficient  to  o\  ercouie  los.sos  from  evajjoration,  and  we  have  there  a 
loss  instead  of  a  gain.  The  strengthening  of  tbe  river's  flow  by  the 
increased  si'(>page  in  the  section  above  has,  howc\i'r.  made  it  [wissible 
to  greatly  extend  irrigation  in  the  region  around  Sterling,  and  the 
reduction  in  the  flow  of  the  stream  due  to  evaporation  has  been 
changed  into  an  increase  in  How  by  the  augnuMited  return  seepage 
water  dui'ing  the  .second  period. 

The  following  table  gives  the  results  of  rncasurenients  made  on  St. 
\'rain  t'ri'ck  in  the  fall  of  llKiSand  also  those  previously  made  by  the 
State  engineers  of  Colorado. 
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Return  seepage  to  S.  I  rain  Creek;  Colorado.  I'MS. 
(Cubic  feet  per  swooncl] 


Sei'tiun  mea.su red. 


^ Length  charge 
j  of  see-  ■  at  up-    Inflow, 
tion.    ^  per  sta- 
tion. 


Milif. 


Dis- 
Diver-   •'''«'«*  GMin(-t-) 
sions    .'"'"«-         '"• 

•     tion. 


Lj'ons  to  hclow  Smcad  ditch 2. 25  ,    (*'>.  .t6 

Below  Smeadi  ditch  to  l>elow  Oligarchy  | 

ditch 2.50      31. m 

Below  Oligarchy  ditch  to  below  Niwot  I  , 

ditch :      2.75'    23.41 

Below  Niwot  dllch  to  atwve  Left  Hand 

Creek 

Above  Left  Hand  Creek  to  county  line 
County  line  to  above  Boulder  Crt-ck  .. 
Above  Boulder  Creek  to  biidge 


I 


•i.-.s 

1.75  I 
2.50  : 
6.75 


Bridge  to  mouth  of  creek 6. 50 


4.41 
17. 40 
25. 39 
40.fiO 
3K.29 


.01) 

«.«7  . 

6.25  ' 

3.60  I 

.91  1 

.00  I 


:t3.77 

16.6><  ' 

in.  21  ' 

1U..V>  , 

.00 

.00  ' 

».68  , 

.00 


:«.  59 

23.41 

4.41 

14.  R7 
2.5. 39 
40.60 
46.97 
42.00  i 


^  O.xO 
-I-  S.2.1 

-  ■'! 

-'■12.37  I 

-t    1.71  I 

-1-11.61  I 

+  5,46  I 
■\-  3.71 


Uain  ( -(- ) 

or 
loss  (-) 
per  mile. 


-hO.36 
-1-3.30 

-  ,2S 

+  2.60 
-H  .99 
-f4.6t 
-t-  .81 
-f-  .,57 


Total .'    29.75 


f 43.  IK 


+  1.45 


Whole  stream;  i 

October  17-19. 1900 29.75  I 

July  and  August.  1900 29.75  ' 

Augast.  19U2 29.75 


+36.41  I 

-r2S.74   I 
+  13.31*  I 


■'-1. 22 
+  .97 
+  .45 


The  measurements  .show  a  gain  throughout  the  course  of  the  stream 
with  the  exception  of  one  short  section. 

In  the  following  table  are  brought  together  the  measurements 
of  return  seepage  to  the  other  tributaries  of  tlie  8outh  Platte,  as 
reported  by  the  State  engineer  of  Colorado  and  the  Colorado  F^xperi- 
luent  Station.  The  measurements  for  the  Cache  In  Poudre  from  1885 
to  1895  are  taken  from  Bulletin  33  of  the  Colorado  F^xperimont  Sta- 
tion. All  the  other  measurements  are  from  the  reports  of  the  State 
engineei-s. 

Return  neepnye  to  (he  other  tributariet  of  the  South  Platte. 

[Cubic  feet  per  set'Ond.] 


Stream  ami  date. 


Dis- 
tance 


Flou  at  '»«•;" 


Cache  la  Poudre: 

October  12-15, 1885... 

October  14-17,  lhK9. . . 

October  16-18, 1890. . . 

October  29- 30, 1*>91... 

Marcn  11-12,1892.... 

October  5-8, 1892 

November  9-11, 1893. 

March  13-15,1894.... 

August  20-23, 1894  .  . 

October  9-14, 1895... 

1901 

1902 

Big  Thompson: 


I  Out-  I 
Diver- 1  flow  at ' 
s:on>!.   I  lower  j 

Istaiion., 


Miko. 
35.00 
38.60 
38.60 
38.60 
34.8.5  • 
3X.60 
38.60 
38.10 
38.10 
3K.10 
38.10 
38.10 


127.61 
68,72  ' 
80,78  ' 
97,58  : 
65,02  i 
62, 9.' 
52.47 
99.21 

268.07 
66.47  ' 

331.22 

304.00 


5.88 


10.33 
4.69 


61.40 
1.57.80 
148. 85 
122. 27 

21.29 
139.28 

90.39 
104.  W 
316. 65 

72  12 


15.1. 17 

32.73 
(•0.  72 

141.49 
31.69 
60. 76 
76.93 
32.90 

116.84 


1897. 

1898 

July  18-21,1900 

September  8-18. 1900 

September  and  July,l901 
July,1902 


Gain. 


86.96 
98.97 
100.80 
79.53 
96,11 
108,05 
98.68 
82. 32 
71.15 
117.80 
167.30 
119.13 

61.08 
.V2  74 
51.85 
27.  (1- 
.W.  6.'> 
42.09 
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li'iiirn  lu-qiagt  to  Ou  utiirr  ttibuUtrUt  of  the  South  PUiUe — Continued. 


stream  and  (lBt<;. 

Dia- 
tanoe. 

Flow  at 

UpIHT 

•latloo. 

luniiw 

tntm 

trlbuui- 

rits. 

Diver- 
sions. 

Out- 
flow at 
lower 
(talion. 

Gain. 

Little  Thompmn: 

IHW 

Milt*. 

iu.ra 

IH9M 

S..M9 

K'i'Icni liiT  IS-m,  180U 

2i.W 

July,  I'JUl       i 

ai.2t 

li.TS 

Boulder  Crock: 

1900 

29.26 
5t.li8 

27.«) 

August  and  Septerolicr,  1901 

16.19 

18.29 
9.24 

27.  M) 
1«.27 
T2.t2 

M.oe 

17.  K 

12.48 

South  HouMiT  Creek:  190(1 



l.OR 

Clear  Creek: 

U.80 

•.!4.24 

8.iS 

Bear  Creek 

OetolKT  1*7  IflOO       

15.71 

Septeniljcr  I9(U     ....w..- 

18.70 

geplcmber,  1902 , 

4.15 

.Ml  of  these  strciiiiis  are  extensively  u.sed  for  inigiitioii  unci  nil  show 
siilistuntial  jriii"^  I'rxnii  spcjwcrc.  Tlic  vullcys  of  :ill  tlii'st^  stcftmis  oih'ii 
into  the  tSoiitli  I'latte  X'tillcy,  iitid  iindoiiljtcdly  ji  lurge  piirt  of  the 
return  seei>ii<fi'  enters  the  South  Platte  ratlier  thiin  tlic  .stream  from 
whirli  the  wutiT  was  diverted.  The  vohinie  of  retiini  seeimj,''e  from 
t!ie  lund.s  watered  by  those  stream.^  is,  tlicrefore,  hirjjer  than  the  tig;iire.s 
given  in  tht?  talile  indicate. 

The  results  jjiven  iiliove  are  secured  Ivy  miikiii^f  series  nf  inea>ure- 
iiients.  During'  the  seiuson  of  liKiIi  an  attem[Jt  \\a>  made  to  keep  a 
complete  record  of  the  diversions  fi-om  the  iNJiith  IMatte  and  its 
trilmlaries.  Records  were  kept  \\y  the  water  commissioners  in  coop- 
eration with  the  ajrents  of  thi.-.  OHice.  These  records  are  more  oi'  les.s 
complete,  and  in  only  a  few  instjiuces  do  they  include  all  of  the  small 
ditches.  Hitches  which  have  such  early  rights  that  it  is  sehloin  neces- 
sary for  the  water  commissioners  to  rejriilate  them,  and  those  which 
head  on  the  lower  .sections  of  the  .streams  and  are  supplied  by  seepage 
and  are  therefore  not  regulated  liy  the  water  conmii.ssioiiers,  were  not 
included  in  the  records  uf  (iiver.siuns.  For  the  same  season  records  of 
stream  How  were  kept  hy  the  l"nited  States  Geological  Survey.  From 
the  records  of  stream  flow  and  diversions  the  following  tjihle  has  heen 
compiled.  This  tabic  shows  the  tiverage  How  of  the  stream  for  each 
m()nth,  the  aveiuge  volume  of  water  diverted,  and  the  difference 
Iwtween  the  stream  flow  and  the  diversions. 
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Return  »eepage  to  trihularien  of  South  Platte. 
(Cubic  feet  per  second.] 


Stream  and  date. 


Kl.iw. 


Diver- 

Excess 

sions. 

of  flow. 

liKi 

5i; 

MO 

266 

426 

142 

105 

113 

63 

61 

W 

51 

688 

184 

361 

44 

146 

-11 

99 

-32 

220 

39 

905 

-  8 

485 

88 

150 

19 

65 

30 

.  .  _  __  

_  —    _ 

Clear  Creek: 

May,  1903 249 

June.  1903 806 

July,  1903 '  568 

August.  190:i 218  ' 

September,  190;t 124 

<.)ctobcr  (21  days).  1903 i  110 

St.  Vraln  Creek:  i 

June,  1903 772 

July,  1903 405  • 

August,  1903 ^  ia5  , 

September,  19W '  b7  ' 

JJig  Thompson  River:  I 

May,  1903 !  259 

June,  1903 ;  897  I 

July,  1903 :  573 

August,  1903 ;  169  ' 

September.  1903 1  95  i 


This  table  shows  considerable  excess  of  flow  over  diversions  except 
in  a  few  months.  This,  however,  leaves  out  of  considemtion  the  small 
ditches  before  referred  to.  In  order  to  make  the  measurements  on  the 
South  Platte  of  value  records  of  flow  of  these  streams  where  they 
enter  the  Platte  should  have  been  kept,  since  anj'  excess  in  these  tribu- 
taries goes  to  supply  ditches  in  the  main  stream.  This  would  help  to 
account  for  the  large  excess  of  diversions  over  stream  flow  in  the 
iS>uth  Platte  from  Denver  to  Julesburg.  It  is  a  fair  assumption  that 
after  the  flood  period  in  June  the  diversions  by  the  small  ditches  not 
included  in  the  above  records  fully  exiual  the  excess  of  flow  over 
recorded  diversions.  The  South  Platte  may ,  therefore,  be  considered 
independent  of  these  tributaries  in  the  late  summer.  The  following 
table  showing  return  .seepage  to  the  South  Platte  River  during  July 
and  August  is  based  on  this  assumption  and  shows  the  gains  in  the 
river  for  those  months: 

Return  iieepage  to  .Soittli  Platte  River,  July  ami  Aiirjiigl,  190S. 
[Oibic  fi-et  per  second.) 


Section. 


South  Platte  to  Denver: 

July 

August 

Denver  to  Kersey; 

July 

August 

Kersey  to  Julesburg: 

July 

Atignst 

River  as  a  whole: 

July 

.\ugust 


Dis- 
charge 
at  upi)er 
station. 

Diver- 
sions. 

Dis- 
charge 
at  lower 
station. 

Gain. 

Percent- 
age of 
gain. 

3.T3 
217 

IPS 
146 

328 
108 

140 
:)7 

39.66 
17.  OS 

328 
108 

631 
384 

I9'2 
137 

495 
413 

1.50.90 
382. 41 

192 

l:i7 

636 

:»2 

3 
l:w 

447 

29.'i 

232.81 
21.-..  33 

217 

1.432 

3 
l:!0 

1.0X4 
743 

307.  US 
343.73 

^^^^y    4$                  IRRIG.VTION    .\ND    DRAINAGE    INVESTIGATIONS.  V.m.               ^^^H 

^              'J'he  sinulo  sork's  of  mciisiireiiu'iits  iiiinlc  diirint;  .\iii.riist  slxiwcd  n 

^^1           triiiii  of  730  ciiUic  fi'<'t  IKT  .sec* (till,  while  the  record.-'  show  :ui  averaire 

^^M          gain  for  l\w  vvhoh-  luontli  of  743  euliic  feet  per  second. 

^^^^H                                                 NOinil    1M..ATTK.    AM)    TiaBl^TAKIR.S. 

^^^^V         .V  .series  of  iiie-.iMireniciit.s  eoveriiij;-  thi-  .North  I'lutte  Kiver  from  tlie 

^H          ('oloriido-Wvoiuiiijj  line  to  Keiiruey,   J«'ebr.,  was  made  durinj;   the 

^H           iiiutiths  of  Auj^ii.st  ami  Septeiiilier.  li'tK-t.     The  results  of  these  ineiis- 

^^^^^     ureuieuts  are  piveii  in  the  fotlowiai,'  table: 

^^^^^B                                               IMiini  Ki-fjjiiiji-  til  Siirth  I'liitle  HUrr,  I'JOS. 

^^^^1 

per  seen 

DU- 
clinrge 

III 
upper 

ttlttiUll. 
■>|M)  *> 

nd.) 

^^^^^^K                             r*iH.'llou  l.leitslllvil. 

wet  inn. 

llllU>\v. 

Dlver- 
abiWi. 

Dl»-    1 
chniKe'GnIn  ( +) 

nl            or 
lower    lo!»(-). 
suilun.. 

Gain 

(+)<'r 

lo«(-) 

per 

mile. 

^^H             CulonuIu-WyominK  line  to  above  Doug- 

iHla. 

koo 

n  no 

n  Ml 

210.90      -   43.S2 
273.70      -165.?.' 
232.  .'18      -  41.12 
239.32      +     6.74 

■an  m     _  ■«  7Ji 

-  5.40 

-  2.19 

-  1.87      _ 
+     ,8.| 

-  2.61    ■ 

+     .29    ■ 
+     .26     ■ 

-  .82 
^    1.97 

-  1.10     _ 
-.,8| 

+  8.44    » 
+    .58 

-  1.76 
+  8.68 

9.61 
+  10.01 

^^H              Ab<ivt'l><>uglM»Cm-k  loal«iveSiiKuen.-«k. 

^^H              Atio\  I'  SiiRi-  Crwk  Id  Fort  Steele 

^^H              Fort  .Slei'le  to  Iilclii'nMjn'.-' raneb 

^^^B              U)i-kt;nH'iirH   raiu*b    In   below   Metlicluu 

52.00     21I>.'J0      279.00        50.51 
22.00     273.70            .00,         .00 
21.00     232.58          .00  1        .00 

11.00     239.3J        18.05           .OU 

^^H              lieliiw   Mrilic'Ine    Bow   Kiver    l»   below 

^^^H                *~~\Mi't^vtilt*r  Hlv?r 

M.0O 
12.00 
21.00 
36.00 
40.00 
4S.U0 

10.00 
It.  00 
S.0O 
9.00 
8.00 
12.00 

22S.02      33.72,        .00     271.92     +    9.68 
271.92           .00           .U)     275.10      +    J,  18 
275.10  1         .00           .00     iST.Xi            17  •«» 

^^^B              .Ik'low  Swi'elwttler  Kiver  to  Alcova 

^^B              Delawiirv  !?priiitr>.  in  Ixlow  .Muildy  Creek . 

257.fi5  '     iri.2»           .110 
343.98           .90           .00 

313.98     +  70.85 
301.07     -  43.81 
»a.63     -    7.8(1 

318.00     i-  .55.01 
355.37      +     7.37 
273.15      -  10.48 
31.5.67  1  +77.28 
23.5.49  ,   -  76.90 
234.68         120.13 

^^H              iJouKlas  In  above  Iloreexboe  eteek 

^^H              AlKjve  Hor!ie»hoe  Creek  to  Uuemsey  Cun- 

301.07         .^60 
'293.  .53         7.40 

aiH.oo       .00 

355.37           .00 

6.25 

8.00 

.00 

71.74 

42.49 

3.28 

121.04 

^^H              Furl  Lnnimie  IohIhivi'  Uutt  bide  Creek — 

^^H               AlHive  KHwhide  Creek  loTorrlnRlnii 

^^H              TorriiiKtoii  to  Wyoming.Nebriuku  line  — 

273.15 
235.49 

7.73 

.00 
.110 

3M.0O 

-  85  10             28 

^^1             Wyoming- N'ebnuka  Stnle  line  to  Ultcbetl 
^H                 (Sept.  l-2.^) 

^^^B                Mitrbi'll  1"'f-riltg 

■ 

14.00 
llt..W 
18.50 
IS.  30 
46.50 
30.00 
24.00 
31.00 
3<S.5U 

1 

272.  ;I0       21, 26 
loM.  40  ,       5.  14 
273.51            .00 

203.20 
20.  M 
44.78 
31.00 
4.35 
2. 12 

158.40      +  68.W  1   -    4.86 
273.51      +i:fli  .SI      *I9  43 

204.55 
284.35 
246.95 
■nn  4» 

-  24.18 
+  113.80 
-  69.47 

-  1.31 
1-  8.S6 

-  l.,58 

-  1.71     _ 
+  9.81     M 

+  .1.01     ■! 

-  6.  73 

-  5.82 

^^^H              T'tivnrI  1"  Hri''t"'|''"'T 

2W.55 
284.86 
246.96 
276. 4  1 
499.28 
498.  11 

.00 
iMI.42 
82.80 
32.15 
141.10 
128.38 
.00 
ni.22 

^^H              BrldKeport  lo  obko...h 

^^^H              '^^-bb"")i  1-fTitri'Vi'  Hrvlnn'l  mntil 

^^^H              Aljove  HHVbtnd  caiml  lo  I'lixlon  Bridge  .. 
^^H              I'axton  Bridge  to  North  I'Intle 

^^^H              >i*'Tlh  I'lnttv  t'r 'T'-1h'*nhiirTT 

44.68     499.28  '   +23.5.38 
119.22      498.11       -  23.06 
242.58     493.67      +109.76 
30.17     298.71      -IIH.79 
31.07     116.24      -209.62 

24. ,»     493.117 
36.00     29S.71 

286.80 

+  116.18   

1 

^H             Throuchtiut  the  entire  eour-sc  of  tlie  stream  there  are  alternatine 

^^B          irain.s  and  louses,  the  larirest  of  Itotli  trains  und  lo.-ises  oceiininer  in  the 

^H          .section  iuiuiediiitely  above  the  \\\oiiiiii<;  Nebniska  line.     There  i.s  a 

^H           net  lo.ss  of  s;,i  cubic  feet  iier  .secund  in  \V  \i>niiii<;'  and  ii  iiel  i;ain  ol  1  lt> 

^H           cubic  feet  jM-r  second  in  Nehrnska.     The  lartrest  jraiu  jier  mile  ou  any 

^H           part  of  the  stream  is  in  the  section  hetwetn  Mitchell  and  (.ierintr  in 

^H           Keliniska,  where  the  tand  on  both  sides  of  the  river  is  watered.     The 

^H          next  largest  gain  is  in  the  section  just  above  the  \Vyommg-Nebra.ska 
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line,  where  the  land  is  under  ditch.  East  of  Gothenburg  on  the  main 
river  very  large  losses  occur,  and  these  losses  are  known  to  continue 
lieyond  Kearney,  where  the  measurements  were  discontinued. 

A  series  of  measurements  was  made  during  1903  on  the  I^araniie 
River  also.  These  measurements  extended  from  Wotxis  Landing,  near 
the  Colorado- Wyoming  line,  to  the  mouth  of  the  river.  Both  gains 
and  losses  are  extremely  small. 

The  following  table  shows  the  results  of  these  measurements: 

Uelurti  seepage  to  Laramie  River,  190S. 
[Cubic  Jeet  per  second.] 


hic 


Section  meiuured. 


Dig-  , 

Length!  charge  | 

of  sec- 1  at  up-    Inflow.] 

tion.  '    per  \ 

jstatlon.!  i 


Diver- 
sions. 


Woods   Landing  to  below  Sodergrcen's  '  MU(». 

nnch -.5.00  | 

Below   Sodergrven's    ranch    to   Bacon's  I 

ranch 4.25  \ 

Bacon's  ranch  to  below  Cuba  ditch !     5. 50  , 

Below  Cuba  ditch  to  above  Sand  Creeic ...      5. 00 
Above  Sand  Creek  to  below  Hutton  ditch.,     'i.75  ' 
Below  Hutton  ditch  to  atmvc  Five-Mile 

Creek 4.00 

Above  Flve-Mlleditch  to  l)elow Laramie..      6.75 

Below  Lammie  to  Flshersnnch i      4.00  ' 

Fisher's  ranch  toOarfa i      6.00  ' 

Oasis  toabove  Little  Laramie  River I     6. '25 

Below  Little  Laramie   Kiver  to  below  I 

Boughton  ditch 

Below  Boughton  ditch  to  Union  Pacific 

Rail  road  bridge 

I'nion  Paclllc  Railroad  bridge  to  Cooper 

Lake , 

Cooper  Lake  to  Dunn's  ranch 

Dunn's  ranch  to  above  Wyoming  Devel- 
opment Co.'s  reservoir  No.  2 

Below  Wyoming  Development  Co.'s  reser- 
voir No.  2  to  Dodge  s  ranch 

Dodge's  ranch  to  Wyoming  Development 

Co. 'a  tunnel 

Above  Wyoming  Development  Co.'s  tun- 
nel to  below  same 

Below  Wyoming  Development  Co.'s  tun- 
nel to  Northrop's  ranch 

Northrop*  ranch  to  below  Combination  I 

ditch 

Below  Combination   ditch   to  Mullen's 

ranch 

Mullen's  ranch  toCva 1 

I'va  to  above  Sclawn's  ranch I 

Above Scuson's  ranch  to Quemaey's ranch . i 
Guernsey's  ranch  to  mouth  of  river 


34.74 
42.80 
45.66 
41.74 

42.39 
44.92  I 

4'2.9i ; 

4.V35  I 
33.96  : 


7.75  : 

'2.50  I 

3.00  ' 
4.50  I 

11.50  I 

9.75  i 

8.25  i 

.75! 

14.00 
7.00  ' 
6.00  I 

7.60 ; 

7.25  I 
10.00 
14.25  , 


lower  I  los8(  -).  1 
station.  I 


1.80       62.21 


I 


31.34  I 

40.44  ' 

42.88  ' 
46.85  , 

4-2.35  : 
169.45 
169.27 
169.79  ! 

10.37  ' 

5.91 

5.58 
2.00  I 
6.65 
9.59 
4.52 


11.10 
.00 
.00  I 
.00  j 

.00 
.00 
.00 
.CO 
.00 

6.34 

.00 

.00 
.00 

.00 

.CO 

.00 

.00 

.00 

.00 

.50 
2.1H 
1.87 
.00 
.00 


.60 
.00 
.00 
.CO 

.CO 
.00 
.00 
1'2.99 
.00 


Dis-    {  I  Gain 

charge, Gain  (-f),  (  +  )or 
or       'lo«a(-) 


per 
mile. 


.00 

.00  1 

.0)1 
.00  j 

.00  j 

.00 

.00 

1.59.71 

3.00 

Z.f&  j 

6.49  , 
.00  I 
2.03  I 
8.44  ! 
5.38  I 


34.74 

4-2.30 
45.66 
41.74 
4'2.39 

44.92 
4-2.91 
45.35 
33.96 
31.34 

40.44 

4'2.88  ! 

46.  W  ' 
42.35 

41.20 
169. '27 
169.79 

10.37 
5.91 

hXs  ' 
2.00 

6.14  I 

9..VJ ; 

4.52  ' 
8.82  , 


-(-18.79 

-  3.04 
-I-  3.36 

-  3.92 
-h  .65 

-I-  2.63 

-  2.01 
+  '2.44 
■t-  1.60 

-  '2.62 

■I-  2.76 

+  2.44 

-t-  3.97 

-  4..'iO 

-  1.15 

-  .18 
-I-  .52 
+  .29 

-  1.46 

+  3.-20 

-h  2.41 

+  1.% 

-I-  3.10 

+  3.37 


-HS.76 

-  .72 
-1-  .61 

-  .78 
+  .24 

+  .63 

-  .30 
+  .61 
-I-  .'27 

-  .42 

-I-  .36 

-H  .98 

-H.32 

-  1.00 

-  .10 

-  .02 
-I-  .06 
+  ..•«9 

-  .10 

-  .46 

+  .40 

+  .'26 

-1-  .43 

-h  .;m 

-I-  .68 


During  the  season  of  1903  records  of  the  flow  of  Deer  and  Horse- 
shoe creeks  and  the  diversions  from  them  were  kept.     The  results  of 
the.se  measurements  are  given  in  the  following  table. 
30620— No.  15»— 05 i 
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IltHKiATION    AXU    DRAINAGE    INVESTIliATIUNS,  ItXM. 


Hetum  teepntjf  to  Deer  and  IlnrKihoe  ereekt,  Wyoming. 


Moiilli. 

DtacbnrKe 
nt  uppvr 
suilon. 

.Arrrjen. 
4,1M2 
8,977 
4,218 
1.046 
S38 

12,200 

■JK.fllO 

i>,;t30 

4Kd 

N▼e^ 

•lOM. 

Anefert 
2,282 
tt,I79 
R,037 
2,3«2 
6IB 

721 
4,479 
2,MIU 
1,149 

3G8 

DiM'twrge 
■t  lower 
vtntkn. 

Am-feri. 

4,670 

7.2Sfi 

3.772 

719 

375 

10,067 

21.522 

7,795 

Mil 

Gain  ( +)  or 

1»»(-). 

Aete- 
leet. 

Per 
rout. 

Hniwvliop  Creek: 

Atiril -. 

+  2,020 
-1-  «,4Sft 
11,191 
t   2,0M 
+      565 

-    1,412 

9 

+  2,275 

+  1,U07 

+    v& 

41 

M»v      

+     72 

)    21,5 

,Inlv , 

+    197 

+   1IV4 

l>eer  Creek: 

April 

-     12 

Mnv , 

00 

\     Ti 

July „ 

t-  2UN 
i-  SCO 

Thi.s  tahio  sliiiwH  thiit  a  wry  larjjc  jHTfoiitagt'  of  tlic  watiM'  (ii\iTled 
from  these  creeks  returns  in  tlii^  form  of  seepiijii-.  so  tliat  (lie  use  of 
tlu'ir  waters  for  irrifiittioii  does  not  iimterially  decrease  their  eontri- 
hulioii  to  iho  tlow  of  the  North  Platle. 


METHODS  OF  PREPARING  LAND  FOR  IRRIGATION. 

Durilit^  ihe  piist  year  a  hulletiti  (No.  145)  ha-  heeii  ])iii)lished  (h/seriii- 
iiii^  methods  of  prepariii"-  JaiKJ  for  irriyjitioii.  The  doinaiid  for  this 
hiilJetiii  >tiows  till'  iieeil  for  iiiformatinii  of  this  |(raitieal  eharucler. 
Furtiier  iittoriimtioii  on  this  >uhjert  is  inehuleii  in  the  lejiorts  on  irri- 
gation ill  thi'  ^'aliinia  Vulle^',  Washington  (pp.  'JfiT-^iT.s);  in  Modesto 
and  Tiirlofk  districts,  California  (pp.  !tS-i;ilt),  and  tiie  Iiiijierial  Vatii\v, 
C'aliforida  (pp.  I7rj-l!t4}.  In  sections  (jf  the  arid  re<fions  wliere  sage- 
hrusli  grows  its  removal  is  the  first  step  in  reeluniation.  The  usual 
method  (jf  removing  sagehrush  is  by  fln»wing  overtlie  land  some  heavy 
heaiii  or  iron  wliieh  will  break  down  or  pull  u])  the  linish,  Uailroad 
mils  arc  ii.sed  for  this,  or  heavy  heunis  shod  with  iron  and  supplied  wiili 
handles  so  that  they  may  he  kept  in  jiosition.  The  railroad  rails  are 
sometimes  lient  into  V-shape.  and  .sometimes  the  liase  is  notehi'd  to 
make  it  take  a  better  hold  on  the  brush.  After  the  iu'ush  is  broken 
down  it  is  r.aked  witli  horserakes  made  for  tlie  jmrpose,  what  has  not 
been  pulled  up  is  grubbed  by  hand,  and  the  brush  is  (hen  biirneil.  la 
some  localities  the  brush  is  ]>towed  out  with  gang  jilows.  Single  plows 
Avill  not  do  this  work,  as  they  are  thrown  out  of  line  by  the  roots,  but 
heavy  gang  plows  gel  enough  hohl  on  the  ground  to  avoid  this  and 
cut  off  the  roots.  This  method  is  not  so  <'oinnic)n  as  tliat  desci'il)ed 
lirst.  and  i>  not  so  easily  available  for  the  average  .settler  as  the  lii-st 
method.  The  statements  of  (he  cost  of  removing  sagebrush  range 
fmm  *l..'ii'  per  acre  to  ^.">  ]ycr  acre. 

After  the  brush  is  removed  the  land  iimsi  !«■  bi'ought  to  even  slopes 
with  suioolh  >urfaees  in  ordei'  that  wntir  can  be  run  <»\er  it  easily. 
AD  kind-  <>f  seiupers  and  levelers  an-  used  for  this,  the  most  e<immon 
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ln'iiig  inacli'  of  plank  sff  im  vdgv.  the  l<^\vt>r  wlgc  l>eing  shod  with  iron 
to  nmke  it  cut  into  tiic  r<oil.  Th»*>it\  drawn  over  tlie  surfiirp,  will 
reinovt'  the  soil  from  thi'  InVli  piacot,  and  deposit  it  in  tho  low  ))laci's. 
Where  larjjj' quantitips  of  partli  have  to  he  movod  ordinnrv  scrapers 
such  as  arc  used  for  railroad  and  similar  work  are  usnii.  The  cost  of 
levclintr  land,  after  liriish  lias  liccn  removed,  varies,  of  <'ourse.  with 
the  orit;inal  roujrhness  of  tlie  surface  and  with  tlie  j)lan  of  applyinj^ 
water  adopted,  the  reports  from  various  se<'tioiis  jjiviutr  it  as  from  ?1 
tolflo  per  acre.  The  cost  of  latt-ials  ami  division  boxes  also  varies 
with  the  contour  of  the  counlrv  and  with  the  method  of  applying 
water.  The  total  for  the  three  items — rctuovinj;  hrusli.  yradiug.  con 
struction  of  lateral  ditches  or  checks-  varied  in  the  cases  exaiuined 
from  ^J.-V*  to  !i^35  an  acre.  Add  to  this  (he  price  of  a  water  right, 
from  ^10  to  $20  an  acre,  and  it  is  easily  seiMi  thai  tin*  farmer  under  irn- 
tjation  must  have  considerable  capital  to  estahlish  himself.  It  is  also 
in :inife,st  that  with  an  outlay  so  luij^e  the  fanner  can  not  aHord  lo 
make  many  mistak<-s.  either  as  tn  the  tools  or  methods  adopted,  and 
no  work  that  this  Oliicc  has  undertaken  lias  ju'ovcd  more  useful  tlutu 
the  collecticHJ  of  informatinti  whicli  will  enable  new  settlers  to  ilo  this 
work  cheaply  autl  well. 

METHODS   OF  APPIiYING   WATER. 

The  effect  on  the  \  ieUl  of  cidp>  of  applyini^  water  by  dirtercnt 
methods  was  tested  in  1!HI4  iit  a  mitubcr  of  Slates.  It  is  kucjwii  thi.t 
the  various  ntethods  of  applying  water  to  land  are  not  etpially  suited 
to  all  conditions  an<l  that  what  proves  the  best  metliod  in  one  place 
may  not  be  so  in  other  localities.  The  studies  of  Ilin4  were  to  deter- 
mine the  factors  which  inriuence  this  adaptability.  In  general,  it  may 
lie  stated  that  the  check  method  i,s  lii'st  ailapte<l  to  light  sandy  soils 
having  a  comparatively  even  slope  of  from  .'!  to  L"«  feet  to  the  mile. 
Fields  having  a  steep  slope  shouhl  not  be  ct)ecked.  since  this  rtHpiires 
Ie\'ees  so  high  and  so  close  togetln'r  i(>  to  interfere  with  the  i)rohlable 
use  of  farm  machinery  and  also  with  diversitietl  agriculture  and  rota- 
tiou  of  crops.  The  advantage  of  checking  is  that  it  permits  an  irri- 
gj»tor  to  handle  a  lai'ge  volum«'  of  water,  and  the  cost  of  application  is 
less  than  that  of  any  other  method.  Its  disadvantages  are  the  removal 
of  the  .surface  soil  to  form  levees,  farm  implements  can  not  he  used  so 
cotiveniently  and  are  fre(|iiently  danuiged  in  passing  over  high  endiank- 
»ienl.s.  and  the  first  cost  of  preparing  the  land  is  greater  than  by 
almost  any  other  method, 

The  most  common  method  of  applying  water  in  tlie  arid  region  is 
by  flooding  from  snadl  field  ditches.  It  is  suited  to  the  irrigation  of 
all  kinds  of  grain  and  grasses.  It  has  the  advantage  of  being  cheap: 
it  is  adapt<'(l  to  most  crops;  the  soil  i-  not  disturbed,  and  ihe  small 
dit/-hes  Used  do  not  -eriously  interfiM'c  with  the  operation  of  machinery. 
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Oh  till?  other  hnnd,  the  liiliar  nf  upplyiii}^  water  tu  Helds  costs  more 
and  is  more  disaj^recahle  tlum  hv  any  oilier  iin'thod.  It  is  difficult  to 
control  strejiins  aft<'r  dark  or  tu  tlistrilmte  water  evenly  over  fields  in 
tlie  iiiyidtinie.  and  where  water  is  notdistrihuted  evenly  the  Uest  results 
are  not  obtjuned. 

Furrow  irriipitiun  is  tiest  for  the  irrigation  of  orchards  and  culti- 
vated crops.  The  loss  of  water  from  evap<^>ratiou  is  small.  It  per- 
miti*  of  the  use  of  snuiiler  streams  of  water  to  lietter  advantajre  llian 
any  other  method.  There  is  little  disj)laceuicnt  of  the  top  soil,  and  the 
.surface  soil  is  not  .soaked  and  does  not  tend  to  Imke  or  hecoiue  too 
hard  to  cultivate.  Its  dniwliaeks  are  that  land  can  not  be  watered 
»o  rapidly  as  by  the  other  methods,  and  ixirous  soils  are  hard  to  wet 
luiiforinly  throughout  the  furro^^-s. 

The  basin  method  ditTers  fi'tiui  the  check  method  in  havinj^  the 
levees  small  and  the  basins  nuich  smaller  than  the  checks.  The  use 
of  basin.s  is  confined  fur  the  most  part  to  orchards,  where  a  basin  is 
usually  made  for  each  tree.  It  has  the  advantage  of  allowing  the  use 
t)f  a  large  Lead  of  water  on  small  tracts  and  reijuiriug  little  time  for 
distribution.  It  produces  an  even  watering  on  poi'ous  soils.  It  has  the 
disadvantage  of  leaving  the  surface  soil  satiwatcd  and  liable  to  )>ake- 
It  requires  considerable  disturbance  td'  the  soil  in  forming  the  basins 
and  is  likely  to  keep  the  root.s  lu'ar  thi-  surface,  since  the  water  is 
applied  there. 

PITMPINO. 

In  the  re[>orts  <)f  pumping  investigations  carried  (»n  in  tlifferent 
sections  the  agents  preparing  these  reports  have  used  the  units  of 
wat^-r  measurement  c<muuon  in  the  sections  studied.  For  pui'poses 
of  comparison  these  have  liccn  rctluccd  to  common  units,  which  are 
used  in  the  following  discussion.  The  discharge  of  pumps  is  usually 
given  in  gallons  jter  miiiiite,  but  tu  reduce  this  to  terms  of  depth  on 
laud  recjuires  several  cumimtalions.  In  discussing  piunping  for  irri- 
gation we  have  used  the  acre-foot  rather  than  gallons  per  niinut*^,  and 
in  computing  the  cost  of  pumping  water  the  unit  foot  acre-foot  is 
used.  This  is  .secured  by  multiplying  the  numbei'  of  acre-feet  raised 
in  a  given  time  by  the  nundter  of  feet  the  water  is  lifted.  Acre-feet 
is  easily  read  in  depth  on  lan<l  by  dividing  the  tuuuber  of  acre-feet  by 
the  nuudjcr  of  acres  to  be  irrigated.  Fiu'  purposes  of  comparison 
with  results  from  other  pumping  plants  and  foi'  computing  efficiency 
the  results  are  also  given  in  terms  of  "water  horsepower  hours," 
1  foot-acre-foot  equaling  l.:^75  hoi'sepuwcr  hours.  To  cumpute  the 
efficiency  of  a  pumping  plant  it  is  nece.ssar}'  to  com|mre  the  (wwer 
developed  by  the  engine  with  the  power  theoretically  rctjuired  to  do 
the  work  done.  The  former  is  the  indicated  luusiquiwer.  the  lattei- 
the  water  horsepower,  and  the  etliciency  is  the  ratio  between  the  two. 
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CALIFORNIA. 


n 


The  stu<ly  of  puinpinj:  in  ("nliforni.t  durintj  l!in4  included  the  col- 
lection of  infonimtiim  iis  U>  plants  in  Santu  C'luni  \'iilli\v,  by  Prof. 
S.  Kortier;  the  colk'ftion  of  infui-nmtiMn  !-c<riirdini]r  pliints  tlirouj^hout 
tlie  State,  the  testiiij^f  of  plants  throuuflioiit  the  State,  and  tests  of 
typical  pumps,  hy  Prof.  .1.  N.  I^  Coiite. 

A  part  of  the  land  in  the  Santa  Clara  Valle\-  is  supplied  with  water 
from  streams  which  fiirnisli  water  ffoin  Jiiniiary  to  March.  I»nt  very 
little  outside  of  these  dates.  Other  lands  must  1h>  siipplie»l  from  wells, 
while  some  lands  use  l>oth  stream  and  well  water.  Copious  winter 
irrijjation  and  intense  cultivation  through  the  sumnici'  have  produced 
crops  on  some  orchards,  while  others  are  iirij^fated  only  during  the 
summer  from  pumping  jilants.  Reports  were  received  from  fiM  phiiits 
in  the  Santti  Clara  Valley.  The  average  lift  reported  is  titi  feet;  the 
Mvemge  cost  of  water  ptM-  acre-foot  is  ^..S<s,  and  the  avemge  cost  per 
f(H)t-Hcrc-foot  is  (5.6  cents.  The  average  depth  of  water  applied  to 
lands  watered  I»y  pumping  plants  is  1.13  feet. 

The  higher  costs  reported  are  for  the  smaller  plants  and  those  having 
the  smaller  lifts.  The  report  of  Professor  Fortier  gives  a  compara- 
tive statement  of  the  cost  of  irrigating  from  streams  and  from  pump- 
ing plants.  The  average  depth  of  water  used  under  ditches  is  2. 22 
feet,  and  stream  water  is  sold  for  $2.10  per  acre-foot,  making  a  cost 
of  fvi.rtt!  per  acre.  Water  is  sold  hy  the  owners  of  pumping  plants  for 
$13  per  acre- foot,  while  the  average  depth  is  l.i:^  feet,  making  the 
cost  per  acre  $14. ♦»'-♦,  or  approximately  !?1(>  per  acre  more  than  stream 
water.  The  average  cost  of  pumped  water  for  fuel  and  repairs  is 
given  as  §4.Wti  per  acre,  and  fixed  charges  are  estimated  at  $.'t.ii<i  per 
acre  making  the  leverage  cost  of  pumped  water  to  owners  lJUi.  It!  jjer 
acre,  or  Jo.5(>  greater  than  the  average  cost  given  for  stream  water. 
The  advantage  of  pumped  water  over  stream  water  is  that  it  can  l)e 
secured  as  needed,  while  stream  water  nuist  he  taken  as  it  comes,  and 
the  supply  ordiinirily  lasts  only  froui  .lanuary  through  March. 

Tlie  descriptions  of  pumping  plants  and  data  as  to  I  heir  operation 
collected  hy  Professor  Ijc  Conte  have  not  been  brouglvt  together  and 
reported  upon.  The  report  of  Professor  Le  Conte  (pp.  11^5-255)  con- 
tains field  tests  of  IS*  pumps  and  laboratory  tests  of  7  pumps.  The 
field  tests  show  an  average  etlieieney  of  41.17  per  cent  for  the  |)lant8 
tested,  the  minimum  efiiciency  lieing  2ti  per  cent  and  the  ma.ximum  65 
per  cent.  Eight  plants  using  gasoline  for  fuel  and  varying  in  size 
from  5  to  21  horsepower  show  an  average  cost  of  fuel  per  foot-acre- 
foot  of  4.5  cents.  Three  steam  plants  from  12  to  27  horsepower  and 
using  crude  oil  for  fuel  show  an  average  cost  of  2.S  cents  per  foot- 
ttcrefoot.     The  average  size  of  gasoline  plants  is  lu  horseiwwer,  while 
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the  iiverngc  size  of  strum  plants  i.«.  21. >*  hdrsppowor.     Tlio  cost,  there- 
fore, varies  upproxitiiateiy  willi  the  >ize. 

The  lal>oratni'v  te.sts  inchuled  tiie  runniiiiicot'  pumps  at  \iirioiis  sijecds 
with  jfiven  heads  and  Viifvin<,f  heads  with  jjiven  speeds.  Tiiese  test.*! 
showed  very  eleinly  that  fur  eaeli  lift  three  was  n  detiiiite  head  at  wliieii 
oaeh  pump  worked  iiio.st  etlifiently  and,  emiverselv,  fur  a  tjiveti  lift  a 
eertaiii  speed  of  pump  o'a\  c  iiijrher  ettieieiiey  than  any  other  speed. 
.V  further  test  was  made  to  lirtei-niine  the  elTeet  of  tlie  distriliution  of 
the  head  hetweeii  the  suction  and  tlischarfje,  hut  the  results  shf>wed 
that  within  the  limits  within  which  (•eutrifui.''al  pumjjs  may  lie  run  the 
distribution  of  the  head  lietweeii  suction  and  lift  made  practically  no 
difference. 

NEW    MK.MCO. 

The  )>lan  of  the  exjieriments  at  the  New  Mi'xieo  Experiment  Station 
included  a  comparison  of  the  cost  of  irrij;atiiii,':  with  stream  water  ami 
with  pumped  water,  hut  owiii^  to  the  shortafje  of  stream  supply 
it  was  impossilde  to  carry  out  these  experiments  (see  p.  HiHi).  Tlie 
exix'riment.s  therefore  included  simply  the  keepiui|t  of  a  record  (jf  the 
cost  of  .supplying  water  to  different  crops  with  puin()s.  On  one  field 
of  alfalfa,  wlii<'h  received  water  to  a  depth  of  '^  feet,  the  cost  of  jiump- 
iiiy  water  was  $;>.«(>  per  acre.  On  another  Held  of  alfalfa,  which 
received  water  to  a  depth  of  3.1  feet,  the  cost  was  lHl.20  fjcr  acre. 
The  avenii^e  cost  on  4  plats  of  wheat  was  !?<H.Ti'  per  a<'re-foot.  These 
plats  of  wheat  received  different  volumes,  th<'  experiments  heiufj  car- 
ried on  in  such  a  way  that  this  cost  can  not  he  given  on  an  acreage 
hasis.  Corn  was  irrigated  in  the  ordinary  way.  receiving  '2R  inches  of 
water,  which  cost  $3.30  per  acre-foot,  iiiakiag  the  cost  ^O.Ltli  per  acre. 
Sweet  jxitatocd  received  17.H2  inche.^  of  water  at  a  cost  of  t4.86  per 
acre.  The  general  a\erage  of  cost  per  acre-foot  at  the  station  was 
(63. 44.     The  lift  is  not  given. 

TKXA.S. 

Jlr.  Harvey  Culbertson,  of  this  Office,  spent  the  .season  of  1!K'4  in 
western  Texas,  studying  irrigation  practice  and  giving  advice  to 
Itegimiers  as  tf>  equipment  and  irrigation  practice.  A  report  of  his 
woi'k  isiriven  on  pages /jlli-;i4o.  In  the  last  few  years  the  shortage  in 
the  water  .suj)ply  in  the  Kio  CJraude  Valley  has  led  to  the  putting  in  of 
n  large  nund>er  of  pumping  plants  in  the  vicinity  of  El  Paso.  The 
valley  at  this  point  is  undei-lain  by  ^^O  to  40  feet  of  line  saial  under 
which  is  a  coarse  gravel.  Water  is  found  throughout  these  sand  and 
gravel  strata,  and  so  far  the  supply  has  proven  aurplc.  Othei'  jmtnp- 
ing  plants  are  seal lered  throughout  the  territory  visited  by  Mr.  Cul- 
bertson,  and  tests  wer-j  made  of  a  number  of  these  plants.  Seven  gaso- 
line plants  varying  in  size  from  ^  to  7  horsepower  showed  a  fuel  cost' 
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iif  7.H  cents  per  foot-aore-foot.  Nine  jfosoline  plant»i  vurving  in  si/o 
from  7  t«.>  12  horsopower  showed  ii  cost  of  7.5  cents  jjor  foot-ncre-foot, 
with  orasoliiio  at  14  ocr)t>i  p<'r  jufKlluii.  Tim  avcrni»'i'  ([iiantUv  of  j^hso- 
lini*  used  [KT  foot  iicrc-foot  was  (I.4H  yulloii  ami  tlu'  uvorufcr  lift  35 
feet.  The  average  discharge  of  pumps  jwr  acre  irrigated  for  31  jilants 
was  l'K.">4  gullons  per  minute. 

Mr.  Cull)ert-soii  de.-irilics  (|uitea  niimlHjruf  storage  reservoirs  fouud 
throughout  the  countrv  visited  and  estimates  that  )iy  I  In' storage  of 
flood  waters  in  the  streams  atid  (he  ('(jlJi'ction  uf  slonii  waters  in  reser- 
voirs very  hirge  areas  niiglit  In*  leuluinifd  throughout  this  section. 

Irrigation  in  the  section  of  Te,\as  lying  to  the  east  of  the  region 
vi-iiled  l>y  Mr.  (.'ullM'rtson  was  studied  by  Mr,  A.J.  llowie,  jr..  of  thi.s 
Office.  The  distrit't  inchirled  in  Mr.  Bowie's  report  (p|).  347-5U7)  lies 
south  of  the  line  through  Del  Rio,  San  Antonio, and  I'oit  Lavaeo,  with 
the  addition  of  the  l"p|M'r  Nueces  and  Frio  River  valleys.  In  this  sec- 
tion the  area  irrigated  is  appro.\imately  30,(Hio  acres,  aliout  half  of 
which  '}!>  in  rice;  corn,  truck,  and  cotton  <k'cu|>v  the  next  larger  are»us 
in  the  oiiler  named.  Onion  cidture  liy  irrigation  is  atti'aeting  a  great 
deal  of  attention,  hut  as  yet  no  great  acreage  of  this  crop  is  i-ej)orted. 
ilr.  Bowie  found  that  the  average  depth  of  water  used  liy  pumping 
plants  was  2.(i7  feet;  the  average  pump  cajHicity  [>er  acre  irrigated, 
14.13  gallons  per  uiinnte,  and  the  pumps  wen*  operated  !.">.  1  per  cent 
of  the  tiiue.  Part  of  this  irrigsited  land  is  watei-ed  from  arte.'^ian  wells 
and  a  part  fiom  ptunja'd  \V)"lls,  the  nvi'rage  conI  for  artesian  wells  is 
reported  as  1^7.77  per  acre  irrigated  and  !?7.4il  \»-f  gallon  per  minute 
of  discharge.  The  average  cost  n{  pump<'d  wells  is  given  asifl4.79 
|ier  acix^  irrigated  and  <f2.7.">  jier  gallon  |ut  minute  of  caimcity  of 
pumps. 

It  is  seen  that  the  cost  of  artesian  wells  is  much  greater  than  that 
of  pumiH'd  vvelK.  Init  in  order  that  a  comparison  nnty  he  madi-  the  cost 
of  pumping  machinery  shoidd  lie  adtleil  to  tin;  cost  of  puniited  vvells. 
The  average  cost  of  pumping  machinery  per  acre  irrigatcil  is  given  as 
$14.12  JMM-  acre.  Adding  this  to  the  cost  of  wells,  we  have  $ti8.yi  as 
the  cost  of  wells  and  machinery  [X'r  acre  ii'rigated.  against  1?,>7. 77  for 
artesian  wells  per  acre  irrigated,  the  cost  of  arte.sian  wells  being  almost 
exactly  double  that  of  the  others.  The  averagi'  anmnd  co.st  of  aitesian 
widls  \>or  acre  irrigated  is  given  as  $!5.*i;l  and  the  average  animal  cost 
of  pumped  wells  and  machinery,  !j>6. 13  per  acre.  These  figures  show 
clearly  that  on  an  average  the  pumped  wells  are  clieapci-  than  arlesian 
wells,  notwithstanding  the  fact  that  there  is  no  fuel  expen.se  connected 
with  an  artesian  well. 

The  following  table  show>  the  dep(  h  to  which  wells  ha\e  lieeii  sunk 
in  various  .sections  ut  the  ternlory  studieil  bv  Mr,  Howie, 
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Locatioo. 

Depth. 

Ixjoatloa. 

Depth. 

Vlciorin 

jo-sao 

270 

160-1.006 

5»-22fi 

100 

Moore   

frtl. 
lOO 

Pesrwill 

100-240 

Ihirby 

200 

Bet-vlllr 

Dc'Viiie 

110 

L'vslile 

The  cost  of  raising  water  per  foot-acre-foot  is  given  by  Mr.  Bo%vie 
as  follows: 

FiiH  COM  of  raiJrinj  tctUer  in  Texat. 


Fuel. 

Oo»t. 

Fuel. 

CMt. 

Wood 

fO.OIM 

.\11  ^teiun - --  --- 

«).01M 
.07M 

Co»l 

.aisx 

.01«B 

Gasollntf 

Oil 

1  Eltjctririty  .. 

.0351 

This  tat)1<'  sliows  thiit  steam  is  hy  far  the  cheaper  power,  hut  the 
steftiii  plants  are  larger  that)  tlie  others,  which  aceouiits  in  part  for  this 
difference.  The  extreme  cheapness  of  both  wood  and  crude  oil  in 
Texas  is,  however,  the  chief  reason  for  the  better  showing  for  the 
.steam  plants.  The  above  figiires  are  for  fuel  cost,  but  latior  is  so 
cheap  in  Texas  that  the  advantage  is  still  maintained  when  taking  i 
account  the  cost  of  attendance. 


LOLISIANA. 


Two  of  the  large  pumping  plants  used  for  rice  irrigation  in  south- 
west Louisiana  were  tested  by  Prof.  \V.  U.  (Tivgory  (see  pp.  r)0!(-5-i4). 
One  of  these  plants  was  equipped  with  a  .simple  noncondensing  slide- 
valve  engine  and  centrifugal  pimips,  while  the  other  was  equipped 
with  compound  condensing  Corliss  engines  and  rotary  pump.  The 
fuel  cost  of  raising  water  with  the  tirst  plant  was  '2A  cent.s  per  foot- 
aere-fool.  and  with  the  more  expensive  jilant  O.St  cent  per  foot-aere- 
foot,  the  average  for  (he  two  plants  being  l.ti  cents.  This  is  very 
much  cheaper  than  the  cost  shown  in  any  other  reports  to  this  Office. 
This  is  accounted  fur  by  the  large  size  of  the  plants  and  the  cheapness 
of  crude  oil,  which  is  used  for  fuel  in  that  vicinity. 

ARKANSAS. 

An  experiment  in  pumping  water  for  rice  irrigation  in  Arlcansas 
was  carried  on  in  iW-i  in  caupenitiun  between  tliis  Othcc  and  the 
Arkansas  Agricultural  Kxperiment  Station.  This  experiment  was  for 
the  [Mtrpuse  <»f  determining  the  ciutnicter  of  the  water  supply,  the  cost 
of  pumping,  and  the  feasibility  of  raising  rice  in  this  section.  Water 
was  found  at  depths  varying  from  70  to  yo  feet,  and  the  supply  is 
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npiwifiitly  abundant,  iilthough  only  a  few  wells  have  so  far  been  j)iit 
down.  Water  rose  to  within  27  feet  of  the  surface.  At  the  exfjeri- 
uiental  farm  an  8-inoh  well  wa.s  put  down  to  a  depth  of  114  feet,  at  a 
cost  of  1^  per  foot,  including  pipe.  Tlu"  et|uipiiient  consists  of  a  I'O- 
horsep<jwer  Ixiiler  and  Is-horsepower  engine  and  a  4-inch  centrifugal 
pump,  the  entire  cost  of  nmchinerj*  being  $858.58,  This  plant  was 
guaranteed  to  raise  47i>  gallons  per  minute,  with  a  lift  of  50  feet.  The 
lift  at  starting  was  27  feet,  and  pumping  seemed  to  lower  the  water 
very  little.  The  Fuller  plant,  in  the  .same  vicinity,  ecpiipped  with  a 
iJ5-borsepower  engine.  35-horsejX)wer  Ixiiler,  and  (i-inch  centrifugal 
pump,  supplies  water  to  70  acres.  The  cost  for  machinery  and  opera- 
tion for  the  first  year  was  $3,147.50,  or  Wo  per  acre  irrigated. 

KAN'SAH. 

At  the  Fort  Hays  substation  of  the  Kansas  Agricultural  College  an 
ex|)eriment  in  pumping  water  for  irrigating  farm  crops  was  made  in 
1904  (."^ee  pp.  5G7-5S;i).  Fort  Hays  is  on  the  high  pliiiu--  where  it  was 
desired  to  detenuine  l)oth  the  extent  of  the  water  supply  and  thi-  cost 
of  bringing  it  to  the  surface  with  pumps.  The  well  was  placed  in  the 
valley  of  a  small  creek,  near  the  Imnk,  and  water  was  struck  at  a  depth 
of  24  feet.  The  well  was  put  down  to  a  depth  of  40  feet,  tiie  water 
rising  to  within  24  feet  of  the  surface.  The  well  was  made  13  feet  in 
diameter.  A  4-inch  contrifugal  piuup,  costing  i|;st>5.rt.").  was  used. 
The  water  supply  in  the  well  was  very  limited  and  wa>  ilrawn  down 
rapidly  when  the  pump  was  run.  A  traction  thnisliing  engine  was  used. 
The  cost  of  raising  water  per  foot-acre-foot,  including  fuel,  engineer, 
and  water  tender,  was  40  cents  in  lixiS  and  30  cents  in  11HI4.  The 
machinery  was  too  large  for  the  work,  to  be  done  and  was  poorly  oper- 
ated, which  accounts  very  largely  for  the  high  co.st  of  pumping  in  this 
locality.  For  thc^e  rea.>ons  the  work  in  l!»o;i-4  can  hardly  Ite  taken  as 
a  fair  test  of  the  cost  of  pumping  in  this  locality.  The  rapidity  with 
which  (he  water  was  drawn  down  in  the  well  indicates  that  the  water 
.supply  in  this  section  if»  quite  limited. 

Tests  of  wells  at  Garden  City,  where  water  is  pumped  from  the 
gravel  at  .small  depths,  show  that  thore  alstt  pumping  lowers  the  water 
very  rapidly.  .\t  the  Uichtcr  well.  H  miles  west  of  Garden  City,  the 
water  was  lowered  5  feet  in  one  hour  and  tifteen  minutes.  At  King 
Brothers'  well  one  te.st  showed  a  lowering  of  17.8  feet  in  five  minutes, 
and  another  test  .Tihowed  a  loweiing  of  17  feet  in  tifteen  minutes. 


COLORAUtJ. 


In  the  Cache  la  Poudre  Valley  in  northern  Colorado  the  water  sup- 
ply frtim  the  river  ha.-  Iieen  socomjdetely  utilized  that  prices  for  water 
right*"  in  both  ditches  and  reservoirs  have  become  so  high  that  a  great 
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uiiiny  Imvr  dvcnictl  it  clK'upt'i-  to  puuip  wiitiT  fur  inigiitinii  tluiii  lu 
secure  il  from  the  streuiii.  The  extensive  ifrijrutiori  iti  this  \iilley  has 
raised  llie  f^rxiuin!  wuter  so  that  water  is  fuiitul  very  near  tlie  surface. 
iiiukiii<r  puiiipitijj  (luite  iiiex[>eiisi\e.  Tlie  wells  rejturteii  un  liy  Pn*- 
fess«jr  Stoiil  {p|>.  5i)5-f>0S)  rniijje  in  tiepth  from  4  tu  ;-in  feet,  mid  water 
wa.H  found  at  depths  varying  from  1.5  to  15  feet.  The  averajife  eost 
of  wells  reiKnied  on  isSS.4T  per  aere  served,  the  cost  of  pmiips  and 
enjfini'S  It>(i.t2.5  jier  acre,  makiitjf  the  entire  e(|uipmejit  eost  if;i.7:i  per 
acre,  while  ditch  lijL^hts  cost  from  i?25  to  S3n  per  acre.  The  averajjje 
fuel  cost  of  |)utnping  water  with  jfii.-oline  enjrines  and  centrifn{j;'al 
pumjis  is  given  at  11  cents  |ier  foot-acre-foot,  and  with  steam  plants 
nsiii>>;  local  coal  for  fuel  )S  cents  jx'r  foot-acre-foot.  In  most  of  the 
wells  the  pump  draws  the  water  down  very  rapidly,  but  the  wells 
soon  till  up  wlieu  the  piunpinjr  stops.  Tin-  wells  arc  irv  jjeneral  quite 
large  pits,  and  it  has  lieen  found  necessary  to  put  down  pipes  in  the 
hottoni  of  these  pits  in  order  t<»  secure  a  suHicient  supjdy  of  water. 
It  i>  d<Miltted  whether  the  large  pits  are  any  advurdage  under  thes«> 
cinunistiiiices.  as  it  is  prohahle  that  the  pipes  put  in  the  bottom  of 
the  pits  wouhl  supply  as  large  ((uautities  if  they  were  put  down  from 
the  sui'facc  without  the  pits. 

Pumps  are  lieing  put  in  in  the  irrigati'd  regions  of  the  Arkan.sas 
Valley  also.  Here,  as  in  the  Caclie  la  Poudre  Valley,  the  extension  of 
irrigation  with  river  water  has  inereasetl  the  cost  of  rights  and  raised 
the  grounil  water,  the  two  ialluenccs  combining  to  tnake  the  purnjM'd 
supfjly  as  cheap  or  cheaper  than  a  supply  from  tlH>  stream.  With 
gasoline  at  i!n  cents  ]»er  gallon  thi'  cost  per  foot -acre- foot  was  found 
to  Ixj  (5.7  cents.  The  lift  at  Kockyford  was  13  feet.  .Vt  Lanaxr  the 
lift  was  ht  feet  and  the  cost  per  foot-acre-foot,  \KH  cents. 

Bringing  together  the  results  from  all  the  territory  where  studies 
of  pumping  wei-e  made  we  linil  ttiat  water  is  being  successfully  lifted 
for  irrigation  up  to  lou  feet,  and  in  some  cases  more  than  that.  In 
the  foihnviiig  table  the  number  of  plants  reported  on  for  various  lifts 
in  the  ditferenl  sections  are  shown; 

Li/U  llirnuyh  which  voter  ia  being  miccefuJuUii  pum/ieil  for  irrigation. 
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Tli<^  hirjriM'  riiiriilxT  of  plaiit>  repurtwl  on  in  C'alifoniiii'nri'  liftinjr 
Wilier  from  ilepths  vurviuff  fi-om  a<>  to  IDO  fi-ct.  Thf  lift  of  tlif  pluiil^ 
reported  on  in  Arizona  lif  mostly  IjctvviMMi  25  and  50  feet.  The  .saim- 
is  true  of  tlic  plants  in  Texas,  thi'  Inrj^rsl  innnWer  h«vinj:r  lifts  Uotwi-iMi 
25  and  50  feet,  altlioiitrli  a  larift-  nunitu'r  <>f  plants  havf  lifts  Itotwrcn 
5<)  and  liMi  feet.  Tlio  lifts  in  Louisiana  atid  in  ( "olonido  are  low.  All 
tlip  plants  rcjKirtt'd  on  in  C'oloratio  arc  in  irriii:ati'd  sertions  wht-ro  the 
use  of  water  has  raised  the  levol  of  the  urround  water  almost  to  the 
siirfaee. 

In  the  foliitwin}^  t»il>le  nil  the  data  eonlaiiu'd  in  the  reports  rcj;;ard- 
inj;  the  fuel  cost  of  raisinji;  water  are  snmnuirized.  This  is  ^iven  in 
tonus  of  cost  jwr  horsepower-hour  and  cost  i)er  foot-ncre-foot.  The 
result**  jjiven  from  California  and  Arizona  plants  were  secured  hy 
oi»reful  test>.  Those  reported  from  Texas  by  Mr.  Cidhertson  are 
results  of  tests.  Tho.se  reported  from  Texas  hy  Mr.  Bowie  are  very 
largely  niad<'  up  from  statements  made  liy  the  owners  of  the  plants 
and  are  therefore  less  reliahle  tiian  the  otlier  results.  The  residts 
from  Ijouisiana  were  secured  hy  te.sts,  while  those  from  Colorado  are 
larj^ely  hased  on  statements  of  the  owners  of  the  plant.s.  There  seems 
to  he  a  j,'eneral  ti'iideiicy  to  overestimate  the  disi  Itartje  of  pumps,  and 
this  fact  prohalily  aicounts  in  part  for  the  lower  costs  .shown  for 
Texas,  although  the  cheapness  of  fuel  and  the  large  size  of  thi'  plants 
woidd  tend  to  make  this  cost  lower  than  in  other  sections. 

An-rage  furl  font  iif  pumping  miler  J-ir  irrigittiuit, 
CALIFORNIA  iLKCONTKi. 


CAUKURNIA  (FORTIER). 
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W.IDl 
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Average  futl  cotl  of  pumping  tcaterfor  irrigation — Continued. 
TEXAS  (CULBERTSOX). 


Type. 


Size. 


""""  ^weiJK:'""   '  *'-'  t--  f"<.tHcr..foot. 


Oaaoline. 
Do... 


beror      ""I^,    I    age 
planKi     <^^';'    .(useful 

norse-     '  hnrgr. 


"'K"*-    Lowest     **'"•      "'<f''-    Lowest'  '^'^•''■ 
est.     ;LOWe8l.      ^^,  pj,       ixiwtst.     |,p,. 


7  i      2.0-  7.0  !      -4.4 
9        7.0-2L0  ;      11.5 


t0.097     SO.  035 
.055        .027 


Bge.        est.     «pc. 

I  ! 


W.055     80.194     $0.O»8  i    f0.07« 
.041  I      .075         .037  I        .0S« 


TEXA.S  (BOWIE). 


Uasoline 

Do I 

Do 

Do 

Ktcatn: 

Wood ! 

Do 

Oo i 

Do 

Do I 

Do 

Coal i 

Do I 

Do 

Do 


0.1- 


0.4 

.4-    1.0 

1.0-    2.0 

2.0-    4.0 

1.0-  4.0 
4.0-  7.0 
7.0-  12.0 
12.0-25.0 
25.0-  40.0 
40.0-160.0 
1.0-  12.0 
12.0-25.0 
25.0-  45.0 
45.0-100.0 


0.2 

(0.232 

«0.1d2 

10.184 

to.  320 

.6 

.118 

.058 

.093 

.163 

1.5 

.072 

.039 

.054 

.099 

3.4 

.072 

.060 

.056 

.099 

2.5 

.140 

.025 

.057 

.193 

5.2 

.070 

.006 

.029 

.096 

9.1 

.046 

.010 

.O-'l 

.063 

18.7 

.022 

.018 

.021 

.031 

34.4 

.0*0 

.005 

.017 

.054 

90.3 

.009 

.007 

.008 

.012 

4.3 

.066 

.043 

.055 

.091 

13.9 

.038 

.025 

.032 

.053 

36.4 

.023 

.011 

.017 

.031 

72.9 

.022 

.008 

.014 

.031 

(0.210 
.080 
.0.M  I 


.OH  \ 
.008 
.013 
.025  ■ 
.007  1 
.010  I 
.060  , 
.035 
.016 
.011  ' 


(0.2.'S3 
.128 
.075 
.077 

.079 
.040 
.029 
.028 
.024 
.011 
.076 
.044 
.023 
.019 


LOUISIANA  (GREGORY). 


Steam, cnide  oil. 

Gasoline 

Steam, coal 


I  I  I 

2  2.W.0-.'iO0.0      37.5.0     (0.017  ,  (0.007 


(0.012     (0.024  ;  (0.009       (0.016 


COLORADO  (STOUT). 


I        1.. 


9'       1.0-5.(f!       2.9,(0.128    (0.041 
3  I       2.0-8.0  I       4.5        .073        .089 


(0.082 
.058 


(0. 176 
.100 


(0.W;6  , 
.054 


(0.111 

.080 


Gasoline. 


COLORADO  (WRIGHT). 


I  :  I  I 

1.0-2.0  1.2  ,  (0.074     (0.0J9     (0.061 


(0.102 


(0.067 


(0.084 


The  fact  most  strongly  brought  out  by  this  table  is  the  great  reduc- 
tion in  cost  per  unit  of  output  with  tlie  increa.se  in  the  size  of  plants. 
There  is  .some  reduction  in  the  labor  of  operating  plants  as  the  size 
increases,  and  also  in  the  first  cost  of  plants  per  unit  of  area  served. 
This  brings  out  the  very  great  saving  which  niaj'  be  brought  about 
through  cooperation  between  adjoining  farmers  in  putting  in  large 
pumping  plants  to  .serve  several  farms  rather  than  maintain  individual 
plants. 

Reduced  to  a  fuel  basis  rather  than  cost  basis,  the  California  results 
show  appro.ximateh-  one-half  gallon  of  engine  distillate  used  per  foot- 
acrc-foot  of  water,  while  Mr.  Culbertson  reports  from  Texas  the  use 
of  0.43  gallon  of  gasoline  per  foot-acrc-foot. 
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The  tests  of  eHicif'iirv  of  tlio  pljiiits  in  t'tiiifoniiii  >ho\v  tlml  tin- aver- 
age efficiency  of  ihc  plants  ti'sLcd  is  -14.17  per  cent.  This  etHcieney  is 
the  ratio  between  the  indiciited  horsepower  developed  hy  the  engine, 
and  the  horse|X)w«'r  tlioorotirnlly  iei|uin'd  to  lift  the  wtiter  aetuully 
delivered  thi'ougir  the  ubscrved  d>stiiiu-r.  it  is  estimated  that  good 
machinery  projserly  operated  will  show  an  efficieney  of  about  65  per 
cent.  Tiie  eiiiises  for  the  pcjur  showing  miide  are  given  a.s  poor  con- 
liections  between  engities  and  piiuips,  too  large  engines  for  the  work 
to  be  done,  poor  care  of  machinery,  and,  with  gjisoline  plants,  wa-stefiif 
use  of  gasoline;  with  steam  plants,  uncovered  steam  piiH'sand  boilers. 
Most  of  these  ciiuses  of  loss  ean  be  cheaply  reniedieil  by  exercising 
a  little  more  care  in  the  installation  and  <>|)eratiou  of  the  machinery. 

WINDMILLS. 

The  eonstancy  of  the  winds  on  the  great  plains  suggest*  the  wind- 
mill as  a  [ironiisiiig  source  of  power  for  pumping  water,  and  winilmill 
irrigjition  has  had  a  successful  de\-elojimt'rit  in  the  vicinity  of  (Jjirden 
City,  Ivans.  Facts  as  to  the  cost  of  mills  and  pumps,  and  (he  areas  of 
land  irrigated  from  them,  were  collected  in  this  vicinity.  One  huii- 
dred  and  seven  milU,  varying  in  diameter  from  l3  to  1'2  fret,  were  vis- 
ited (pp.  58!t-5ieJ).  The  average  di.sclmrges  of  the  pumps  operated  by 
these  mills  are  shown  in  the  following  table.  The  second  column 
give.s  the  average  amount  pumped  in  a  day  with  u  gowl  wind.  In  the 
third  column  are  given  the  average  discharges  during  twenty  weeks, 
which  takes  into  account  times  when  there  was  too  little  wind  to  oper- 
ate the  pumps: 

Airnuje  iliiir)tiir<jr  uj  ftumji*  ojtrraleJ  by  uindmilll  ut  (innteu  Citi/,  Kaiu. 


size  of 
mill. 

Aciv-(e«t  per  day. 

In  good 
wTnd. 

Averue 
(or  36 
week*. 

6 

a 

10 
12 
2S 

0.034 
.080 
.170 
.270 

1.200 

0.W0 
.024 
.OSO 
.0»4 

The  average  area  served  by  tlicse  nulls  is  shown  in  the  following 
t!ibl,.: 

Arfim  »erred  h;i  inndmilh  uf  differeitt  giu*. 


Size  of 
mm. 


Maxi- 
mum. 


Put 
t 
» 
10 
12 
2S 
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S.OO 
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Minimum.    Average. 


Aerti.  Am*. 

O.SO  1,16 

.26  I.2S 

1.00    ,  3.08 

1.00  6.07 

6.00 
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Tlic  approximate  cost  of  mills  of  various  sizes,  tho  areas  .served  by 
these  mills,  and  the  acre  cost  of  providing  a  water  supply  are  given 
ill  the  following  table: 

<'i>M  »/  windmill*. 


Siwof 
mill. 


I     fwt. 


120 
ISO 


Area 
served. 


1.23 
.t.OK 
.S.07 


Cost  per 
«orc. 


J73.17 
:W.9(! 
29.  .W 


This  table  shows  the  great  redu«'tion  in  cost  per  acre  served  by  using 
large  mills,  but  it  also  shows  that  with  any  mill  the  original  outlay  is 
<piitc  large  when  compared  with  the  cost  of  ditches  for  .supplying 
water  where  water  can  lie  conveniently  .secured  from  streams. 

The  average  annual  cost  of  maintenance,  including  repairs,  oil,  etc., 
for  4:>  mills  in  the  vicinity  of  Garden  City.  Kans..  is  given  as  Si.B.'i 
per  acre  irrigated  by  the  mills. 

\  windwill  does  not  furnish  a  large  enough  .stream  of  water  for  eco- 
nomical use  in  irrigation.  It  is  therefore  necessary  to  provide  reser- 
voirs for  storing  the  water  until  enough  is  accumulated  to  furnish  a 
stream  large  enough  for  economical  use.  Forty-nine  reservoirs  stor- 
ing water  pumped  by  mills  at  Garden  Cit}-  were  measured  to  deter- 
mine the  capacity  ordinarily  used  with  the  mills.  The  following  table 
gives  the  approximate  average  itipacities  of  the  reservoirs  u.sed  with 
the  mills  of  different  sizes: 

l/ajMirilitx  ■■I  (••wTit/irx  i/;i<t/  irith  iriittlmillli. 


Sixo  of 
mill 


>"( 


>l 

rapacity 
of  res^ 

iTvoir. 

s 
10 

3.4(K) 
H.  lUO 

ll.OOO 

'I'he  [HM-ioil  during  which  these  reservoirs  will  hold  the  discharge  of 
tlie  pumps  during  good  winds  is  .shown  in  the  following  table: 

l.rmjlh  •>/ /Hrii-l  rt»irii)iri>  irill  hold  iliivhnnif  iif  jmniftg. 


sir*.  *»( 
mill. 


NiimIxT 

ot  tIftVS. 


y>'t. 


W 
1.' 


1.0 


Ih  probable  that  belter  results  might  Ije  secured  if  larger  reser- 
were  built,  so  that  larger  streams  might  be  used  in  applying 


^  ■     REVIKW  OK  THK  WORK  OF  THK  YKAR^  6» 

\%'ntor  to  Intnl.  There  is  always  wiistc  in  iisit);,'  ;i  Mimll  stream,  as  u 
iHfire  ])!irt  of  tlie  water  i.s  uhsorhofi  hy  tlie  .si)il  or  rviiiioi'Hted  while  it 
is  lieiii^'  spread  over  the  hiiid.  The  incruire  cost  of  theso  reservoii's 
is  given  as  ?(!().     This  of  course  is  oidy  n  rou^jh  approximation.  I 

Taking  the  1-2-foot  mill  iis  a  hnsis.  we  have  (he  following  stateniei.t 
i>f  the  eost  ()f  raising  water  with  a  windmill,  not  taking  into  aei-oiint 
the  cost  of  till'  wt'll  and  pump:  ■ 

fiml  of  vindmill  irrigitlioii.  ■ 

Owt  of  mill SISO.OO  I 

Cost  of  ri^itcrvoir 60. 00  I 

ToUl  twt 210.  Ort  1 

.\rea  irrijfatetl acre.s. ,  5  ■ 

IVwl  \»r  acre fl2. 00  fl 

tS'NI'Ar,   OMT.  I 

Ititereit  on  iiivi'.stim-nl,  at  7  jxr  cent $2.94  ■ 

I>c|)rcriatiiiii,  10  i)er  i.-ent 4.  20  I 

Mflinlcimiii-c 2.  ;V>  I 

Annual  cost  per  acre 9.  -Jfl  ■ 

Theavcnigeliftof  wati'iin  the  viiiiiity  of  Garden  City  is  but  Id  feet. 
Where  lifts  arc  gretiter,  the  ipiaiitity  of  water  rai.sed  hy  mills  of  the 
same  si/e  will  lie  pioportioiiately  decreased,  tiiid  tlic  area  which  can  he 
irrigated  will  of  course  he  deerea.se<l  in  the  same  proportion.  The.se 
ligitres  represent  not  nei'essarily  good  practice,  hiit  the  aveitige  results 
ohtnincd  under  lield  londitidiis.  It  is  prohjihle  that  in  must  cases  hetter 
results  than  tho.se  shown  can  he  si'cnred.  tint  the  wmk  this  year  has 
l)een  targelv  to  secure  a  Imsis  fur  future  work  hy  ilctermiidng  what  is 
now  Iwing  accomplished  with  windmills. 

The  average  cost  shown  alio\<'  is  high,  ami  even  under  the  best  con- 
ditions windmill  irrigation  is  expensive,  hut  il  is  not  expected  that 
wali'r  will  lie  rtiised  in  (his  way  for  general  farm  crops,  Tlu'  ipiaei 
tities  of  water  letjuind  for  such  crops  and  the  low  valuesof  yields  will 
not  justify  any  >uch  expense.  Only  the  irrigation  of  \egelahles  and 
fruits  and  a  small  amount  of  fmage  is  coiitemplaled,  and  these  are  all 
high-priced  luoduets.  A  part  of  the  expense  of  pumping,  on  the 
plains  at  least,  may  he  charged  to  insurance  aginiisl  dtoiight,  since  it 
is  intended  to  eiadile  lariueis  iu  tide  over  dry  yeai'-  when  they  wtnild 
otherwise  he  compelled  to  abandon  their  randies  or  Iniy  food  for  thein- 
.selve.s  and  work  animals  at  exorhitjiut  prices. 

LAWS  AND  INSTITUTIONS.  J 

Tin-  three  yt>ars'  investigaticHi  of  the  intei-state  water-right  problems 
on  the  I'iatte  River,  mentioned  in  the  previ<nis  rep<>rts,  has  been  <-om- 
pletwl,  and  tho  report  is  now  m  the  hands  of  the  ])rinter.     Thi'<  inve^- 
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tipUioii  deals  fundiuiu'iitully  with  the  nphts  to  water  and  the  laws  of 
the  three  States  uTuler  whii-h  these  rights  have  hecii  acquired.  Physi- 
cal conditions,  iiowever,  have  such  a  tnarkei)  inlluenee  up<:>»  the 
enforcement  of  these  riffiits  that  the  investigation  iuchided,  in  addition 
to  the  laws  and  court  decrees  poverniny  water  rights,  iiieasuretnents 
of  stream  tlow,  diversions,  and  return  seepage.  It  was  deemed 
advi.salilc  to  include  also  sometJiing  showing  the  results  of  irrigation 
Id  the  three  States,  and  crop  returns  were  therefore  collected.  In 
order  to  discuss  interstate  questiuns  intelligentlv,  a  preliminary  study 
of  the  legal  systems  of  the  several  States  was  necessary.  This  dealt 
with  the  methods  of  acquiring  rights,  nietlKnls  of  determining  t;ight.s, 
pro\'isioiis  for  tlieir  euforcenient.  and  the  nature  of  right.s. 

The  method  of  accjuiring  the  right  to  take  water  from  a  stream  in 
Colorado  consists  essentially  in  jiroviding  the  means  of  conducting  the 
water  to  the  point  of  use  and  taking  the  water.  The  method  in 
Wyoming  and  Nel»raska  consists  in  making  npi)licntion  to  the  State 
authorities,  receiving  a  permit  to  construct  works  and  divert  water, 
putting  the  water  to  use,  and  suhinitting  lo  the  State  authorities  proof 
of  the  construction  of  works  and  the  use  of  the  water.  As  the  result 
of  these  methods  rights  iti  Colorado  are  in  the  tirst  place  indelinite  as 
to  e.xtent  or  nature,  while  in  Wyoming  and  Nebraska  they  are  limited 
by  the  terms  of  the  permit  granted  by  the  public  authorities.  Since 
right.s  are  indefinite  in  ("olorado  it  becaiue  necessary  to  provide  for 
their  defining,  and  this  is  done  by  the  courts  under  a  special  form  of 
procedure  provided  by  law.  This  procedure  takes  the  form  of  a  con- 
test between  individual  appropriators,  the  State  Iteing  unrepresented 
in  the  contest.  As  a  result  the  courts  have  decreed  rights  to  volume,s 
nuich  larger  than  have  been  used,  and  in  many  ca.ses  larger  than  the 
canals  can  carry.  I'nder  the  administratixe  procedure  in  Wyoniiug 
and  Xebniska  such  excessive  riglits  have  not  been  recognized. 

In  each  of  (he  three  States  water  is  distributed  hy  public  officials, 
the  systems  in  the  three  .Slates  being  essentially  the  same. 

In  each  of  the  States  priority  is  recognized,  and  in  order  that  the 
right  may  be  maintained  it  is  necessary  that  the  use  of  the  water  be 
continued;  that  is.  no  one  can  hold  water  uiuised  or  maintain  his  right 
to  water  for  a  peritjd  of  years  without  having  put  it  to  a  beneficial  use 
or  provided  for  its  use  by  some  one  else.  The  courts  of  Colorado 
have  decreed  to  appropriators  in  that  State  rights  to  fixed  (juantiticM 
of  water,  and  these  rights  may  be  transferred  from  one  party  to 
another,  and  the  use  to  which  the  water  is  put  and  thi'  place  of  use 
may  also  be  changed,  jirovided  others  iire  not  injured  by  the  transfers. 
In  Wyoming  an  apjjrojtriator  ac«juires  a  i-ight  to  sufficient  water  for  a 
given  area  within  a  fixed  limit  of  tpmntity,  and  this  right  may  he 
transferred  under  certain  limitations  dclined   by  statute.     Rights  in 
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NebvH^kii  rti'c  similar  to  tii()>f  in  U'voiiiiiiji'.  with  Uii>  exception  thiit 
the  I'iyhtj;  iire  insppiimhly  lUtnchi'd  to  a  piirlii-nlai'  truft  of  luiiil 
Neither  Colorado  nor  Wyoniinfj  recognizes  riparian  riy:lits.  while 
Npl)ra>ka  recnifnizos  them  to  a  certain  extent.  Under  the  derisions 
of  tlie  Neltraska  supreme  emirt  hinds  act|iiired  from  the  Geneml 
Government  previousi  to  ISsy  ha\e  rijjarian  ri<rLts.  while  those 
acquired  .sinec  that  time  have  no  sueli  rij^hts.  Alon;;side  of  this 
ripuriuii  riglit  has  existed  the  rij^ht  to  divert  water  from  streams  for 
irrigation,  and  as  between  riparian  rights  and  rights  acquired  hy 
appropriation,  priority  governs,  as  it  does  between  dilferent  righls 
acquired  by  appr(j|)riation.  The  riparian  proprietor  lias  not.  iiow- 
ever,  the  right  to  restrain  diversions,  but  merely  is  entitled  to  dam- 
ages occasioned  by  the  diversion  of  water. 

Tlie  differences  in  the  nature  of  the  rights  in  tiie  three  titutes  are  in 
theory  iniportiint.  Untler  the  Cok^rado  doctrine,  that  the  appropri- 
ator  ha,s  a  riglit  to  a  tixed  quantity  of  water,  any  decrease  in  the  needs 
of  the  land  or  economy  in  use  leaves  the  appropriator  a  surplus,  which 
be  can  apply  to  new  lands  or  dispose  of  to  others,  while  under  the 
Wyoming  and  Nebraska  doctrine  any  surplus  of  water  arising  from 
dccreaseil  u-se  belongs  to  the  State,  to  be  ilisjwsed  of  in  the  same  man- 
ner as  unappropriated  water. 

The  recognition  of  the  ownership  of  water,  apart  from  any  par- 
ticular tract  of  land  in  Colorado,  makes  it  possible  for  rights  to 
accumulate  in  the  hands  of  those  who  hold  them,  for  the  purpose 
of  disposing  of  water  to  others  rather  than  for  their  own  use.  To  pre- 
vent abases  of  this  right,  the  Colorado  constitution  provides  that 
county  commissioners  may  fix  rates  which  may  be  charged  for  the  use 
of  water. 

E^ch  of  the  States  recognizes  priority  as  between  appropriators 
within  its  own  limits,  and  the  courts  of  Wyoming  and  Nebraska,  as 
well  as  of  several  othei-  States  and  the  United  States  courts,  have 
declared  that  priorities  should  be  recognized  regardless  of  State  lines. 
Assuming  that  priorities  are  to  be  recognized  regardless  of  State 
lines,  we  have  rights  differing  essentially  in  tlieir  nature  along  the 
same  stream.  If  an  aj)propriator  from  the  South  Plattt-  in  Colorado 
does  not  need  for  the  land  which  he  has  been  irrigating  all  the  water 
to  which  he  has  a  right  he  may  apply  the  surplus  to  new  lands  or 
transfer  it  to  another  party,  while,  uruler  similar  circumstances,  the 
Nebraska  appropriator  from  the  .same  stream  must  allow  the  water  to 
i-emuin  in  th(»  stream  for  later  appropriators.  The  effect  of  this  dif- 
ference from  an  interstate  standpoint  is  that  injprovenients  in  practice 
and  the  natural  decrease  in  the  nee<ls  of  the  lands  now  irrigated  in 
Colorado  will  not  increase  the  su[q)ly  of  water  for  Nebraska  since  it 
will  be  used  upon  new  lands  in  Colorado.     If  the  Nidiraska  doctrine 
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held  tit  C'lilciriadu,  this  dec  reuse  in  the  iii'cd-*  of  tlif  lands  in  ('(jlonulo 
\V()id<l  t,r()  to  ihc  stn'sun  tn  supply  latrr  rii^lils  whi-tlicr  tlicv  wiTc  in 
Ciilonidcj  or  Npld'iiskii. 

However,  physirtil  cDiiditions  and  the  ordor  in  wliich  ri;jhts  have 
been  acijuirpd  make  tliese  distinctions  in  rii^hts  of  little  eoiiseijuonee 
lit  present.  The  tiuture  of  the  country  alono-  tlie  North  I'hitto  in 
Colorado  is  such  that  tlu?  use  of  vvntei"  there  can  not  Ik-  enlurj^ed  to  the 
injury  of  Wyointntr  appropriators  from  the  same  stroain.  and  the  siiinc 
thin^f  is  very  largely  true  rcvranliii'T  the  country  ulonj;  this  stream  in 
Wyoming.  There  is  very  little  himl  ahnig  the  North  Phitte  in  Wyo- 
ming wliich  can  he  irriyiited  except  in  the  rej^ion  imniwliuteiy  ahove  the 
State  line.  Tliere  is  a  pnssihility  of  un  increased  use  which  would  in- 
jure appropriutofs  in  Nehniskn.  hut  the  nature  of  thi'  ri^jhts  in  iheae 
two  States  is  es.sentially  the  same,  the  ajiproprintor  in  eticli  Stale  iH'ing 
entitled  to  only  nutKeient  water  for  a  ;;;iven  area. 

There  are  rights  to  wtiter  from  the  South  Phitte  in  I 'olorsido  earlier 
than  any  ri<jhts  in  Nebraska  sufficient  to  entirely  exhaust  the  stream, 
and  the  flow  of  the  stream  liu.s  iit  fact  been  entirely  used  in  Colorado 
for  many  3'ear.s,  while  (here  is  up  to  the  present  time  very  little  irri- 
gation along  the  South  Platte  in  Nebraska.  Measureiin-nts  of  return 
seepage  given  on  pages  4S-50  show  that  the  volume  of  water  in  the 
lower  section  of  the  stream  in  C(>lofado  is  increasing  year  by  year  and 
practically  all  the  water  received  by  iippro]jriators  in  Nebraska,  exce]>t 
during  floods,  is  return  seeimge  water.  As  the  volunni  of  water  in 
tliis  section  of  the  stream  increa.ses,  irrigation  is  being  extended,  and 
tlris  will  in  turn  increase  the  seepage  farther  down,  so  that  there  is 
every  prospect  that  the  supply  in  Nebniska  will  grow  better. 

Physical  conditions  are  such  that  there  is  little  likeliliood  of  any 
confiiet  between  appropriators  in  the  ditferent  States  on  the  North 
Platte  and  the  South  Phitte.  except  in  the  immediate  tu^ighborhood  of 
the  State  lines.  Here  there  will  be  the  .same  opportunity  for  conflict 
as  there  i>  between  canals  heading  close  together  within  the  States. 
At  present  tlii^re  is  no  provision  for  the  settling  of  sneli  conflicts  exempt 
thrttugh  the  courts.  Each  State  has  oflicials  charged  with  the  disti'i- 
bution  of  water  withiti  its  liniit.s,  but  none  of  these  officials  has  any 
authority  miLsitle  of  his  own  Stute.  The  interstate  (piestion  on  rfie 
South  Platte  comes  down  then  at  the  present  time  toaquestion  of  dis- 
tribution. Provision  should  be  made  for  some  officials  or  boards  with 
inter.state  powers. 

A  study  of  the  operations  of  the  California  irrigation  district  law 
was  made  in  i!t04  by  Mr.  Frank  Adams  (sei>  j).  'Mi).  Mr.  Adams 
made  a  study  of  the  history  and  present  conditions  of  the  Modesto  and 
Turlock  irrigsition  disti'icts.  These  di.^tricts  were  originally  organized 
against  strong  opposition  and  hav)>  gone  through  unsuccessful  attempts 
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U>  oon.struot  works  and  attempts  to  repudiate  their  Ixmds,  and  have 
finally  coniplt'tcKl  their  works  and  Ix-ifnii  uponitions.  Modesto  ilistriet 
contains  an  area  of  Si,  148  acres  ami  has  a  UoiHlcd  iddebtcdness  of 
$17.10  per  acre.  Tnrlock  di.strict  has  an  area  of  17t),2lO  acres  and  a 
lionded  indflttiMitiess  of  l^tl.Sl  j)er  acre.  The  California  district  law 
re«|uircs  that  the  water  of  the  canals  helonfjitij^  to  ihi-  districts  Im-  dis- 
tributed in  proportiou  to  the  as-sesMmeiits  paid.  Town  projx'rty  as 
w«*U  as  farm  pro{)ertv  is  suWject  to  asscs.sniont.  and  a  strict  enforce- 
ment of  the  law  would  place  in  the  hands  of  those  who  had  no  use  for 
it  the  rifrht  U>  a  lar^c  part  of  the  water  supply  hy  the  district  canals. 
In  these  districts  no  attempt  has  liecn  inatle  to  enforce  this  law,  hut 
the  water  is  distributed  in  [noportioii  to  the  acreage  irri^ited.  A 
systeiu  of  rotation  ha.s  Ijeen  ailopted.  so  that  each  irrigator  receives  a 
fjood  stream  of  wat»'r.  tlie  leti«rth  of  time  wliieli  he  receives  this  stream 
lieing  a|iporti(jne(l  to  the  acreage  ii'rigated.  This  system  has  so  far 
proven  satisfactory,  but  its  contimiance  will  bring  al)out  strong  oppo- 
sition to  the  enforcement  of  the  law  when  the  demand  for  water 
la'comes  so  >trong  that  every  ta.v|jayer  in  the  district  demands  his 
.share.  At  the  suggestion  of  Mr.  Aflams  the  districts  have  adopterl  a 
.system  of  records  which  will  show  ihi' ijuantity  of  water  rei'ei\ed  bv 
each  farmer  and  tiie  time  when  he  receives  it.  Tlie^e  records  will 
form  a  l^asis  for  an  intelligent  consideration  of  a  new  system  of  dis- 
tributing water  when  there  is  n  demand  for  an  enforcement  of  the  law. 
Mr.  W.  K.  Hartlett,  of  this  Oiliie,  was  detailed  for  the  season  of 
1904  to  work  in  cooperation  with  the  SUtte  engineer  of  Idaho.  He 
WHS  commissioned  water  maslei'  fur  the  Haft  River,  a  stream  wliich 
rises  in  I'tah  and  flows  int'j  Idaho.  Tlie  State  of  Idaho  enacted  a  taw 
in  l!>ii,'5  providing  for  the  distribution  of  water  by  State  otiicials,  and 
Mr.  Hartlett's  work  was  to  make  a  study  of  the  o|ierati<>n  of  this  new 
law  from  the  standpoint  of  one  charged  with  its  enforcemeid.  His 
chief  difficulty  wa.s  one  of  detail.  The  law  requires  that  appropriators 
shall  |>ut  in  measuring  devices  and  pro\ides  that  in  case  they  fail  to  tl<> 
so  these  shall  be  put  in  by  the  water  cominissiotier  and  the  costs 
assessed  against  the  ditch  ownerw.  Mr.  Bartlett  found  a  great  deal  of 
opjiosition  to  tlie  putting  in  of  tliese  boxes  In'  the  ditch  owners  and  a 
disin«'lination  to  pay  the  bills  as.scssed  against  them  when  the  measur- 
ing devices  were  put  in  by  the  water  comnii.s.sioiier.  This  state  of 
affairs  compels  the  watei'  commissioner  to  carry  the  rcist  of  instsilling 
the  measuring  de\ices  for  two  or  three  months  and  take  the  chances  of 
his  bills  being  disallowed  by  the  county  commissioners,  and  Mr.  Hart- 
lett points  out  the  necessity  of  amending  the  law  regarding  this  mat- 
ter in  such  a  way  that  either  llie  State  or  the  county  will  carry  this 
expense  until  it  can  be  collected  from  the  ditch  owner.  As  alwve 
state<i.  liaft  River  is  an  interstate  stream,  and  the  courts  of  iMjth  I'tah 
ural    Idaho    ha\e    declared    in   fa\or  of  the   i-ecognition   of  priorities 
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regardless  of  Stote  lines.  There  is  here  the  same  difficulty  that  exists 
on  thf  PInlte  Ri\er.  that  there  an*  iin  olliciiiU  with  iiitt'v.stato  [lowei-s. 

Ill  e<>iuiecti<ni  vvitii  ii  study  uf  irrij^iitioii  pnicticc  in  tht>  Imperial 
Valley,  California,  Mr.  Koadhousi-.  of  this  Ofhfc.  miidr  ii  study  of  the 
orpmiziition  of  the  nitituul  i'()tn|HUiifs  ctm  troll  in  jr  tho  httcrals  which 
siij)ply  this  viillcy  with  water.  The  couipuny  owning  the  caual  and 
lands  g'lvei  to  each  purchaser  of  liind  and  water  for  each  acre  a  share 
of  stock  in  the  c(>iu]wnv  cnntrolliiijf  the  lutcrsd  whicli  will  soi-ve  the 
land  purchased.  The  holders  of  this  stock  i'ontrol  the  atlairs  u(  their 
laterals,  making  assessments  to  cover  the  expenses  of  maintenance  and 
ojieration.  This  same  plan  of  organ izatiuii  is  in  some  instances 
extended  to  the  suhhiterals.  the  water  users  organizing  in  this  way  for 
the  cleaning  and  general  maintenance  of  their  small  ditiln's.  The 
.same  system  is  found  in  the  .\rkansas  Valley  in  Colorado,  where  it 
has  proven  very  .satisfactory.  Jt  puts  ujwn  the  farmers  the  responsi- 
bility for  the  condition  of  their  own  lateral  ditches,  thus  removing 
one  very  fruitful  soun-e  of  friction  hetwecn  the  farn'crs  and  the  canal 
management.  Mr.  Adams  recommends  the  same  system  for  the 
Modesto  and  Turlock  districts  in  California. 

A  study  c»f  I  he  laws  of  Montaiiii  has  hccu  made  hy  Professor  Fortier, 
of  this  Office,  and  the  report  of  his  work  is  now  in  hand. 

The  operation  of  the  iri-igation  laws  of  Nevada  has  Ix'en  studied  by 
Mr.  .1.  D.  Staniiard.  formerly  of  this  Office,  and  Mr.  A.  E,  Chandler. 
formerly  State  engineer  of  Ne\'ada. 

In  November,  l!*0-t,  at  the  request  of  the  Deijartment  of  Jastice, 
Pr.  Elwood  Mead  was  detailed  to  a.ssist  in  protecting  the  interests  of 
the  Government  in  the  litigation  over  the  water  rights  of  the  Arkansas 
River,  this  being  an  interstate  case  of  great  importance  to  which  the 
Government  is  a  pai'ty.  This  case  is  to  determine  the  rights  of  irri- 
gators in  different  States  to  the  water  of  an  interstate  stream.  The 
principle  established  here  will  jjovern  similar  cases  throughout  the 
arid  region,  and  will  have  an  important  inHueiicc  in  shaping  further 
developments. 

EamoATioN  nr  the  humid  sections. 

KK  K    IKltlUATHlN. 

The  water  used  on  several  fields  iu  the  rice  districts  of  Louisiana 
and  Texas  was  measured  during  the  seasons  of  IWH  and  1904,  and  it 
is  found  by  c(nnparing  the  results  of  these  measurements  with  those 
made  in  IWUl  and  linii!  that  the  tendency  is  to  use  les.s  water  than 
formerly.  It  is  found  that  a  deep  covering  of  water  prevents  the 
proper  warnung  of  the  soil  by  the  sun's  rays  and  product's  spindling 
plants,  which  are  easily  blown  down  by  the  wind.     In  many  places 
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the  iicp  grown  oil  Icvws  mid  otlior  liiifli  ^froiiiul  is  liotter  than  tliiit 
on  thf  lower  parts  of  tlie  Holds,  wlit-iv  tlio  water  stauds  (•ciiitiiniou.sly. 
For  thcjio  reiwon.s  tln'  li'iulciicv  is  towartl  the  use  of  less  wator.  This 
conforms  to  irriji;ati<»n  practice  of  iiorthcrn  Italy,  whore  it  is  .soldotn 
that  the  water  covfring  is  iiun'e  tluui  '1  or  ;i  inches  deep.  The  fullow- 
iiijf  taltle  gives  a  sutninarv  of  the  iiieasiircuieuts  of  the  water  used  in 
rice  irrigation  for  four  years: 

Stimmnn/  uf  rfnultt  of  mfdsiireineiitii  of  the  (imoiint  <if  v<ater  imett  in  rier  irrirfntiun  fof  Iht 
years  I'Ml,  ISOJ,  J9iKl,  ami  JHOf. 


Xmt. 

Ixwutlon  of  ulatioii. 

Ill 

Rain-     Tutal     Kvupora- 
lull.      rleiilh.       tii.n. 
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16.03 
11.08 
11.63 
15.69 
9.83 
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Day. 
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1902'l .. 

.122 
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■•  Water  iiltsorliiil  liy  fU  «iiil  takfii  up  by  rii'c  |ilHnl>. 

(•Number  of  iliivs  III  uliUti  riiiiifiill  hiiiI  I'Vupomiioii  were  mraaiiml. 

••i:.  S.  Uept.  .Agr..  office  of  KxiMTiineiit  .SUtionn  Bui.  ll.H. 

</r.  S.  Dcpt.  AgT.,  Offlre  iil  Expfrimeiil  (ilallonii  Bul.  133. 

» I'^iiiU  the  mean  of  No.  6. 

AtmlyHfH  ofirater  usfd  in  rice  !rr!(fat!on. — Many  of  the  stroaius  along 
the  Gulf  eoa.st  have  so  little  fall  that  a  slight  lowering  of  the  water  by 
piiiiiping  prodiiees  an  intlow  of  .salt  water  from  the  (iiilf,  This  inflow 
of  .salt  water  begins  long  before  the  supply  of  fresh  water  i>  exhausted. 
lu  lt»02  a  drouglit  lowered  the  water  level  in  the  river  and  large  <iuari- 
tities  of  .salt  water  were  run  on  the  rice  lields  in  their  irrigation.  It 
wad  found  that  young  plaiit.s  were  killed  liy  this  salt,  water,  hut  fields 
which  had  madi'  a  good  growth  were  henetited  liy  it.s  use.  It  was 
feared,  however,  that  tln'  ii.se  of  this  .salt  water  wonlil  bring  about  an 
accunuilation  of  salt  in  the  soil  which  would  prove  harmful  in  the 
future.  Th(»  rrsullH  of  lltoH  and  LVHi-4  have  proved  this  fear  to  be 
groundless.  The  heai\v  nuns  uf  those  years  have  so  thonnighly 
washed  out  the  salt  that  no  iliirereiice  could  be  ob.serve<l  between  the 
tields  irrigated  with  .salt  water  in  former  years  and  tho.se  which  have 
received  none  but  fresh  water.  It  is  not  considered  advisable,  how- 
ever, to  use  salt  water  except  in  aises  of  extreme  necessity. 

A  number  of  samples  of  water  used  for  rice  irrigation  were  analyzed 
to  determine  their  salt  content.     The  results  of  these  analvses  follow. 
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Sen  t>ide  ut   Mermentau 
dam 

L<ower    otid    of    Gmnd 
Uke.  U\ 

I'piHT  fttde  ai  Mermen- 
tau flrtlU 

Center  ii(  Luke  Arthur, 
Jji , 

Mertiit-mau  Bayou,  Mer- 
mentait.  Ij* , 

Uii[>er  end  of  Unuid  ' 
u»ke,  Ui 

Center  of  Mud  Lake ' 

Meriuentaii  Bayou,  ' 
muulh  Bayou  Quene  ' 
de  Torlue 

Bayou  Quene  de  Tonue 
at  Llrriu>ni>telD  plant: 

(I  feet 

•JO  feet 

Well.  wje.  10,  T.  11,  K.  7  ..| 

Engllsli  Bayou , 

From  J.  A.  Myers.  Gney-  | 
dun.  La.: 

4fcet 

aiJeet 


9.0 

s.o 

«.8 

8.0 

7.0 

11.6 

11.0 

8.2 
10.8 


12.0 
10.6 
I.V4 
18.0 


6.7 

e.s 


804. 


3<S.7 

827.4 
l,7l«.2 

iias.v 

979.6 

247.2 

87.7 

390.1 
W6.3 


1V7.0 

19S.7 

101. 0 

9.0 


4.0 
S.& 


HCO» 

CI. 

Ca. 

Mk. 

30.  S 

1, 846.0 

46.4 

no.« 

30.8 

2,237.5 

B2.1 

H6.7 

146.7 

12,396.0 

297.1 

882.4 

il3.3 

2,SS».4 

46.4 

1(12.9 

»f..4 

H,.T6a.0 

222.1 

991.  K 

27.2 

1,704.0 

42.1 

lOfi.2 

27.2 

781.0 

27.9 

46.7 

30.3 
99.2 


36. 3 


l$.l 

18.2 

284.6 

39.4 


21.2 
M.2 


1,974.9 
6,567.0 


710.0 


1,4H.3 

1,349.0 

.■17.0 

14.0 


80.0 
8U.0 


52.9 
171.4 


22.9 


M).0 
41.4 
46.4 
5.7 


8.6 
6.4 


126.2 
439.4 


44.  S 


98.2 

82.9 

19.4 

6.5 


5.7 
6.4 


32.2     1.110.0 
129.6  '  S,tW8.3 


14.2 


29.4 

29.4 

8.1 

2.6 


4.2 
4.0 


39H.2 


781.5 

76S.0 

100.2 

7.5 


39.6 
4S.7 


Iiabo> 

ntory 

Ko. 


Location. 


1873 


1874 
1875 


1878 
1879 


1880 


1881 
1882 


1885 

188ri 
18S1 
1884 


3025 


Balfway  between  Lowry' 
and  HouektK,  La 

Center  of  (.irnnd  Lake,  Iji. 

8eu  Hlile   of    .Mermentau 
dam 

Lower  end  of  UraudLake, 
La 

I'pper  side  of  Merracnian 
dam 

Center  of  Uike  Arthur,  L.a. 

Merit]  I'D  lau  Huyou,  Mer- 
men Ciiu,  Iji 

Uii^lt  i-(i4loi  lirundLdke, 
lia 

Center  of  Mud  Uike 

Merwi'iiliiti  H^iyoii.  mouth 
Bayou  Queue  deTortue. 

Bayou  Queue  de  Tortue 
at  Lli'lilenstein  plant: 

6feel 

aifeel 

Well,  w.  10,  T.  11,  K.7-.. 

English  Ruyou 

From  .1.  A.  Myeia,  Guey- 
diin,  I.U.: 

41ce( 

21lcel 


Hjrpothedcal  combluatUiD. 


40.3 
40.2 


194. K 
44.3 


126.7 
36. 1 


40.2 
131.7 


20.1 
24.  2 
1 87.  a 

ir.!,  I 


32.1 
25.9 


Ca80«. 

MgSO, 

Mgfl:. 

124.1 
143.5 

220.1 
282.4 

2M.5 
!»6.5 

»I6.8 

1,502.0 

2, 168. 6 

120.7 

M8.4 

368.5 

648.7 
112.9 

652.1 
209.4 

I.KM.S 
249.5 

64.6 

52.6 

148.1 

146.2 
472.3 

233.6 
791.1 

114.3 

696.0 

.17.4 

80.4 

1U.5 

153.0 
96.4 

111. a 

167.1 

9(10.1 
19.5.7 

ii.'i" 

3.9 
4.4 

X4 

30.2 
14.2 

3,6M.O 
3.201.8 

17,500.5 

3,646.0 

11,604.7 
2,144.4 

1,079.3 

2.820.8 
9,932.2 

1,012.0 


1.986.1  56.1 

1,939.1  56.1 

89.  4  .>.  y 

19.  I  '  n.O 


68.1 
61.5 


441.7 
103.4 


316.8 
74.1 


61.5 
247.4 


27.1 


100.7  I 
106.6 


6.0 
7.6 


9.0 
8.0 


6.8 
8.0 


7.0 
11.8 


14.0 


8.2 
10.8 


15.3 


12.0 
10.6 
15.4 
18.0 


A.7 
6.6 


Thi'sf  iiti!th'.se.><  were  made  uack-r  (lie  (iiivcfu)u  i>f  Mr.  .1.  K.  Hiiy- 
wood,  cliiof  of  the  im^ectifulc  and  water  liiltonilory  of  tlie  Biireiiu  iif 
ClieiiiistiT  of  tliis  I>epn!-tincnt.  \  letter  from  Mr.  Iluvvvdod  respeet- 
injf  the  interpretiitinn  of  these  tiiiiily.'^e.s  says: 

The  approximate  quantity  of  tlie  variuua  Baltj>,  especiully  sodium  ciilurid,  which 
an-  injiiriouB  to  rirc  ha?  not,  to  my  Ittiowled^'i-,  tx-eu  ileti'riiiiiiod.  It  i.s  well  kiic)wii 
thai  rice  can  blaml  more  sodiiuii  clilorkl  lliaii  inm^t  t-rope,  but  how  hhkOi  tnon-  I  am 
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nimble  til  staU'.  1  run  tht'ivfore  only  give  yon  iuterprftati(iiii<  btuvtl  on  the  at'tion 
of  irrigation  waten»  upon  crops  in  general,  and  for  this  pnrpode  will  diviile  tlie 
waterc  into  those  that  I  am  rea»jnal>ly  Hiire  are  very  p<K(r,  thojf  that  are  surely 
({f>oil,  nnil  those  wliirli  nmler  some  circunistanceM  iiii^hl  lie  (food  ami  umler  other 
cirininclanreH  had. 

1  woul-l  say  that  llie  .-alt  < t.  lit  i.f  waters  1873,  1874,  1875,  1876.  1877,  1878,  1880, 

1881,  18S5,  and  1H8(J  in  huiIi  that  they  would  b<'  pretty  sure  to  cau.-e  tmnhle  in  a 
comparatively  chort  time.  Waters  1888,  JHS4,  2024,  and  2025  could  t)e  need,  efij>e- 
cially  in  a  moderately  huTiiiil  eliuiate,  uitliont  any  fear  of  damage  to  erop»i.  Waters 
1879  and  1882  could  very  likely  give  good  restilt.i  in  u  moderately  humid  clhiiate  and 
on  a  light,  looi<e  soil,  hut  in  a  very  dry  climate  or  upf>n  a  heavy  clay  soil  they  might 
caui<e  damage  in  the  course  of  time. 

You  of  courw  understand  that  the  above  remarks  only  npjily  to  these  waters  as 
they  woulil  lie  UK-d  iti  general  irrigiiticm  iiructire.  What  effet-l  the  rainc,  which  are 
to  Ije  e.xiM'cte<I  in  a  cliniate  like  Luiiniana,  vvciuld  have  upon  relieving  the  evil  con- 
ditions cauMHl  by  such  waters  as  I  have  indii°ated  as  "  poor"  above,  I  am  unable  to 
state. 

Oil  the  Mci'ment«ti  River  iiii  iif.h^mpt  ha»»  hcen  mude  to  iiuprovo  tlip 
water  supply  by  diimiiiiiiff  out  the  suit  watpr  diirinff  tlic  tiiiic.>i  the 
river  is  Kiwof  than  the  wnti-r  in  tiie  (iiilf  and  h<ilditi^  up  tin-  fresh 
water  when  tlie  flow  is  toward  the  Gulf.  The  dam  oti  the  Meriiieiitaii 
wa^  ctjiiiph'ti'd  (luring  the  season  of  l!ttt4,  atul  to  it.s  exi.steiiec  is  attriii- 
uted  tiie  saviiifi;  of  tlie  crop,  as  salt  water  entered  tlie  other  streams  so 
early  as  to  inuke  it  iiiipnssihle  to  seeiire  sutfieieiit  fresh  water  for  the 
complete  irrio-atiou  <if  the  riee. 

The  eoiistnietioii  »)f  this  dam  has  ealled  attentiuii  to  the  need  of  laws 
for  the  assessment  of  the  eost  of  such  works  aj,miiist  those  iK'tietited. 
As  orifjiemlly  planned,  the  Mermetitati  dam  was  to  be  paid  for  hy 
voluntary  stihseription.  hut.  as  is  usual  in  siieh  cases,  u  nutidier  of  par- 
ties beuelited  have  refii.sed  to  contribute  to  its  cost.  The  estimated 
cost  was  {jreatly  exceeded,  aitd  it  was  fijimil  im[K),ssible  to  rai.<e  tho 
money  l»y  v<diintary  subscriptions.  .-Vn  appeal  was  nuule  <u  the  lejLfis- 
latiire  of  the  State  of  Lmiisiana,  and  an  act  passed  which  created  a 
Ixmrd  of  commissioners  for  the  Mermentaii  levee  di.striet,  authorizinjif 
the  followino-  taxes:  A  tax  of  '!.'>  cents  per  sack  of  rice  raised  by 
means  of  water  from  the  MeniuMitau  and  its  tributari<'s,  and  a  similar 
tax  on  eott<iri.  snijar,  fruit,  etc:  a  tax  of  K'  mills  on  all  property  sub- 
ject to  taxation  fur  levee  purposes,  the  tax  not  to  exceed  2.5  cents  per 
acre  on  all  laiuls  subject  to  irrio-ation  within  the  levee  district,  anti  ifoO 
per  mile  for  all  standard-fjpiuye  railroads  within  the  district. 

Couimon  carriers  were  prohibited  from  receiving'  or  removitif*' 
produce  on  which  the  taxes  were  not  paid.  The  law  authorized  the 
board  of  conmiissioners  to  issue  bonds  to  the  atnount  of  $200. (MM»  to 
l>e  used  for  work  done  or  in  the  piircha.se  of  levees,  locks,  and  dams 
within  the  district.  A  commi.sstnn  was  apjiointed.  but  has  in-ver 
met.  An  injunction  has  been  granted  enjoininir  the  board  from  per- 
fomiinj^  any  of  the  functions  or  exercisinj^  any  of  the  powers  con- 
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frrrfrl  upon  it  hy  luw,  or  in  siiiy  wiiy  iitli'iiiptiiij,^  to  rurry  into  clfi'ct 
the  pro\  isioiis  of  tiie  luw.  ](  would  spciii  tliiit  soiue  gciicrai  iiiw  pro- 
viding for  the  uipmizalion  of  di.strifts  similar  to  irri.:;ation  ur  tiniiti- 
age  (listrift>i  in  otlicr  States  would  hf>  pivfiTulilc  to  such  spcciul  laws 
as  this.  Iti  siich  districts  in  other  Stuies  only  the  tax  on  hind  is 
levied  and  only  surh  a  tax  is  fonsidored  jjood  seourit}'  for  the  bonds 
i.ssiied.  The  passaj^e  of  such  a  ilistrirt  law.  under  which  the  ei»st  of 
dam.s  to  keep  (jiit  the  salt  water  luid  other  iinproveinents  could  Ihj 
equitably  assessed  against  the  lands  Irenetited,  vvcmid  greatly  promote 
the  rice  industry  by  iiutfing  within  the  reaeli  of  tiiose  eorniniunties 
a  convenient  tueans  of  raising  money  for  the  eonsfrtietion  of  these 
works. 

The  success  of  riee  gr()wing  in  Louisiana  and  Texas  ha>  led  to 
exj>erinients  in  its  culture  in  other  sections,  particularly  in  the  State 
of  Arkansas.  This  State  contains  large  areas  of  level  prairie  lands 
w  Inch  have  not  been  successfully  farmed  with  other  crops.  They  ai'e 
very  wet  during  the  spring,  but  during  llie  late  suimner  and  fall  are 
very  dry.  For  seveml  years  farmers  in  the  vicinity  of  Lonoke  have 
Ijoon  experimenting  with  rice,  »ind  liuring  tin'  season  of  1!*04  this 
Office,  in  coopei'ation  with  the  Ai'kansas  Kxperinient  Station,  con- 
ducted an  experiment  in  the  vicinity  of  I^onoke  lo  determine  the 
possiltility  <d'  profitably  raisitig  cice  on  the  prairie  lands.  Ten  acres 
were  broken  up  and  pi'efiarcd  for  plaiding.  a  widl  was  ilug,  and  a 
pumping  plant  purchased  and  installed. 

An  s-iuch  well  was  suidi  on  the  experimental  jilat.  Water  was 
struck  at  a  depth  cd'  TO  feet  and  the  well  penetnitcd  tiu>  water-bearing 
strata  44  feet,  making  the  total  depth  of  the  well  114  feet.  The  water 
rose  to  within  'I~  feet  of  the  surface  and  was  lowered  hut  little  by 
pumping,  showing  that  there  is  a  good  supply  at  this  depth.  The  well 
cost ^  per  foot,  including  ciising  and  strainer,  making  the  total  co.st 
S45ti  The  pumping  plant  consistinl  of  a  2ndH»rse|iower  boiler  and  an 
IS-horsepower  throttling  center-crank  engiin.'  and  a  No.  4  centrifugal 
pump.  The.se,  with  all  the  accessories,  cost $858. 5St.  The  shed  cover- 
ing nn>  ])utnping  machinery  cost  ^W.  nniking  a  total  costof  l?l,4l'4.ri!l. 
Eight  acres  were  planted  and  watered.  Owing  to  the  wet  spring  a 
part  of  this  land  was  .seeiled  so  late  that  jmrt  of  the  crop  did  not  mature, 
an<l  i)arf  of  that  which  did  nniture  did  tuit  lill  properly.  The  crop  from 
3  acres  was  not  thrashed,  and  I  hut  troni  r.  acres  was  jjoorly  tiirashed, 
owing  to  trouble  with  the  machinery.  Thi-  average  yield  estimated 
from  the  part  of  the  crop  whi<'h  was  thrashetl  was  <i4.r)  bushels  per 
acre.  Those  in  charge  of  the  experiment  ar<' of  the  opiidon  that  in 
irrigating  the  rice  some  mistakes  were  made,  accounting  in  ])art  for 
the  [H>or  yiidd.  It  is  hoped  that  n  I'ontinuation  <d'  the  experiment 
through  another  year  will  give  more  satisfactory  results. 

Mr.  W.  IL  Fidler  has  put  in  a  pumping  plant  for  the  iii-igalion 
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of  rice  near  ('iirlis|t\  Ark.  Mr.  Fuller  hiis  ti  li)-iiu'h  woll  14t»  foot 
il«M'p,  a  (!  inch  ct'nti'ifiigal  |>ump.  opcriiU'd  hy  a  ^S-honsepowor  ciiyine, 
and  a  35-horseiM)Wpr  lioilcr.  The  cost  of  Mr.  Fuller's  plant  wa.s  an 
follows: 

Cuft  nf  jiiimjiiiiij  plintl  iif  ir.  /A.  Fuller. 

PuiupiiiK  plain  an<l  B<"«»<ories  «nd  well $1 ,  782.  SS 

Rice  binder I  :i.i.  00 


Total  investment 1,W17. :« 


The  iuiiiuhI  fXjK'iin'  tor  pumping  plant,  including  fuel,  oil, 

r<'|iairH,  ami  allcnilaiii-e 4(1.i.  40 

Field  exi«en.»ie8,  including  plowing,  t*ed,  seeding,  Imrvesting, 
thni.vliing,  etc t*i>4.  T.i 

Interest  on  investment I.'i4. 1'l 


Total I,»44.36 

This  piitirpiiifT  plant  servod  70  acre.s  diiftng  tlic  seaison  of  lit()4. 
Till'  iiivt'stiiii'itt  therrfote  iininiioteil  to  $27. 39  ptT  acre,  aiul  tboiiiiiriial 
expense  was  iJlH.ril  piT  iicn-.  The  plant  is  fon.>iidered  suffifiently 
large  to  serve  ln<i  ;u  res.  jtnd  <m  ihis  Imsis  the  investment  is  ^19.17 
|)er  iwre,  Hud  the  urnnial  exiwu.M>  i?l;i44  per  aere.  The  yield  of  TO 
acres  planted  in  l!tn4  was  5,225  bushels,  or  T4.»>  bushels  per  acre. 
The  cost  of  raising  1  bnshel  of  rice  was  therefoie  )H;  rents. 

rRAXBKHHY    IIUfH;.\TU  )\. 

In  eoo{)eration  with  the  Wiseon>in  Kxjierinient  Station,  this  Office 
in  lltn4  worked  to  determine  the  rehitiuns  of  frost  to  water  conditions 
in  the  cranberry  marshes  of  Wi-sconsin.  The  United  .States  Weather 
Bureau  has  established  stations  in  the  er.uibi-rry-growing  region  for 
the  puriKJse  of  predicting  frosts,  and  tliis  Office  is  at  work  to  deter- 
mine the  measures  of  protection  needed  when  frosts  occur. 

The  exiicriments  of  the  past  ycHr  iiichidid  treatment  of  the  soil, 
drainage,  and  irrigation.  It  was  tVniiid  that  on  land  which  was  well 
Handed  temperatures  remain  much  higher  during  cold  night.s  than  over 
iiridniined  sections  of  bogs.  This  was  strikingly  illnstrated  during 
the  month  of  August.  ( )ver  the  undrained  bogs  the  tempei'ature 
went  to  freezing  or  below,  while  on  the  sanded  places  it  was  nowhere 
lesfii  than  84-  V.  above,  as  will  lie  seen  l>y  tlie  following  table: 


Temj-rnilnrtt  oxt  ordinary  bog  and  mnded  plaU  duriiuj  Auffutl,  J904, 


Pmyof 

Ordliurv 

tended 

month. 

bog.  ■ 

plato. 

"P. 

'F. 

2 

32.0 

«t.O 

8 

36.0 

M.0 

22 

ao.5 

«.o 

as 

ao.o 

S7.0 

26 

aa.0 

»..■» 

ao 

aR.s 

t7.0 
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The  followiiif,'  tjihU-,  j,''i\"iiii,''  luuirly  tenipiTiitures  on  dniinod  and 
uiidniincd  lio^^  diirintj;  tlii'  night  of  AugUfst  '2'2-2^i,  .shows  the  ctfect  of 
(Imiiiufjfe  in  preventing  frost: 

Tfmfxrntura  oirr  driihied  and  undriiintd  bog. 


Hoar. 

Drained 
plat. 

Oidiiury 
bog. 

9  30  p.  m 

Of. 
43.0 
39.  S 
38.0 
37. 6 
3S.S 
36.S 
31.0 

Of. 

33..^ 
33.3 
31.fi 
80.0 

■2a  J 

32.5 
38.  i> 

U  30p  tn 

12.30 11,  m 

1  3U  R  m  

2.3011.  m 

«.£0«.  in 

While  .siiiidiiig  and  draininjj;  tend  to  keep  up  the  temperature  over 
1h>i,'s.  tilt'  only  .-Jiire  protection  aj^aiiK^t  fro.st  i.s  rtoodiiiij.  \Vhen>  vines 
are  llo(Mlrci  tlicy  are  apt  to  he  itijured  mdes.-i  tlie  water  is  dmvvii  ult 
<)uiolily  when  tlie  temperature  rL-^es.  Ilenee  effeetive  frost  prote**- 
tion  reijiiiri's  such  control  of  the  water  supply  a-s  will  permit  of  the 
quick  fjoodiiitr  of  \ines  when  cold  weather  sets  in  and  the  ipiiek  and 
complete  removal  of  water  when  it  eiid.s.  Tiie  woi-k  of  tlii.s  Office  i.s 
hcin»;  directed  to  worlvinj.'-  out  th<'  proper  airanjLrenieiit  and  size  of 
supply  and  drain  ditches  to  accomplish  this  result. 

The  wat«r  for  tloodinjr  cratiherry  marshes  i.s  .seeured  principally 
I>y  storaifc.  and  this  storat^c'  i.s  accomplished  ciiieHy  hy  huildinj;  dams 
or  dikes  across  thi-  slope  to  hold  the  water  from  !ar>^er  areas  of  marsh 
above.  These  dams  are  usually  constructed  of  poat,  taken  from  the 
adjacent  h<)<j,  and  sand  when  it  run  }»e  found  witliin  haulinj,'  distance. 
A  ilam  of  this  kind  Is  feet  wid*-  jit  the  hasc,  in  feet  wide  at  the  top, 
and  4.5  feet  hifjh.  was  constructed  at  an  expense  of  1^3.95  per  running; 
rod.  This  diun  later  had  a  saiiil  facinj,'  put  on  it  at  an  expense  of 
a[)[iroximatcly  ^'2  per  runniii',''  r(»d.  .\  part  <d'  tlu'  peat  used  iu  tlie 
eon.struction  of  the  dam  wa.s  taken  from  the  inside  of  the  reservoir, 
hut  it  was  found  that  renio\-injr  the  peat  greatly  increased  losses  from 
seepajfi". 

The  slope  of  the  marshes  is  iiatunilly  slight,  and  the"  reservoirs 
<-reated  hy  huildiag  dikes  across  the  slope  iire  shallow,  and  there  are 
jjreat  losses  from  evaporation.  The  lo.ss  from  this  cause  during  June 
and  .luly.  UtO-i,  amounted  to  Ki. S'J  inches,  or  a  lowering  of  the  water 
level  during  the  season  of  between  !  and  •!  feet.  This  large  evajuira- 
tion  from  a  reservoir  having  an  merage  depth  of  not  more  than  -A  or 
3  feet  means  the  loss  of  a  very  large  proportion  of  the  total  supi)ly. 
The  growing  of  vegetation  within  the  reser\t)ir  is  considered  by  some 
as  a  j)rotectioii  against  this  loss.  Init  it  is  probable  that  the  water 
given  otf  by  the  leaves  is  etjiuil  ti>  that  which  would  be  lost  from  nil 
open-water  surface.     Increasing  tin'  de|)tii  of  reservoirs  decrense.s  the 
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percentage  of  loss  by  evaporation,  but  in  the  sandy  soils  of  this 
region  it  is  apt  to  increase  the  losses  by  seepage.  Some  practical 
method  of  checking  seepage  losses  will  be  of  great  help  to  water  stor- 
age in  the  cranberry  districts. 

IKBIOATIOX    IN    PORTO  RICO. 

In  the  southern  and  southeastern  portions  of  the  island  of  Porto 
Rico  irrigation  is  necessary  to  the  raising  of  crops,  and  in  many  sec- 
tions irrigation  systems  can  be  installed  at  a  small  outlay*.  In  those 
sections  irrigation  will  doubtless  soon  become  an  important  factor  in 
agriculture. 

In  the  greater  part  of  the  island  the  rainfall  is  ordinarily  sufScient 
for  crops,  but  almost  every  year  there  is  a  period  when  the  growth  of 
crops,  especially  vegetables,  fruits,  and  sugar  cane,  is  checked  by  lack 
of  sufficient  rainfall.  In  cooperation  with  this  Office  the  Porto  Rico 
Ex{)eriment  Station  is  testing  irrigation  on  a  part  of  the  station  farm 
at  Mayaguez.  This  farm  had  previously  been  irrigated,  there  being 
remains  of  a  diverting  dam  and  of  ditches  covering  the  land.  In  1904 
experiments  were  made  in  the  irrigation  of  sugar  cane,  gi-apes,  toma- 
toes, eggplant,  celery,  cabbage,  melons,  and  other  truck  crops. 
Ground  has  been  prepared  for  the  irrigation  of  lowland  rice.  Thirty 
or  forty  acres  will  be  irrigated  when  the  system  is  completed.  Several 
sugar  growers  on  the  island  have  signified  a  desire  to  cooperate  in 
experiments  in  the  irrigation  of  sugar  cane,  and  during  the  coming 
year  such  experiments  will  be  carried  on. 


IRkKiATKJN  I.N  SANTA  CLARA  VALLI-.Y.  CALIFORNIA. 

By  S.  FoKTiEH, 
Jrrigaliun  EnijiHtfr  i;i  rha>;te  of  Pacijic  Dittrid. 

INTRODUCTOEY  ' 

Santa  Cliira  Vull«\v  i.>  the  must  iinportiint  iigrkultural  center  in  tlip 
neighborhood  of  San  Frnnci.sco  Bay.  IVjjinning  at  the  sotU}u*ni 
extrpiiiity  of  tiie  l)ay  with  ii  width  of  'Jo  miles,  tlie  valley  exteruls 
soiithwiird  for  To  inik-s.  narrowiii|^  to  it  few  Linuired  feet  li  miles 
south  of  San  Jose,  the  |)rincipal  city  in  tiie  valley,  hut  wideninj^  ajrain 
below  that  point  as  it  exteitils  southward  into  San  Hen ito  County.  On 
the  west  the  Santa  Cruz  Mountains  .separate  it  from  the  coast,  some 
4<)  niile.s  away,  and  on  the  ea.st  u  portion  of  the  Coast  Ilange  lies 
Ijotween  it  and  the  San  .l(m(|«in  N'allev.  Tlie  valley  is  drained  toward 
San  FmiK-isco  Hay  hy  Uuadalupe  and  Coyote  creeks  and  their  trihu- 
taries,  and  in  its  southern  end  toward  Monterey  Bay  by  several  minor 
streams.  As  described  by  Profs.  E.  \\ .  Hiltjanl  and  K.  M.  Loujrh- 
ridj»e,  of  the  California  Agricultural  Experiment  Station,  it  has  a 
somewhat  undulating  surface,  is  dotted  with  chimps  and  groves  of 
oaks,  and  has  lauds  of  black  adobes  on  the  northern  ur  lower  portions 
and  lighter  sandy  or  gnivelly  loams  where  the  elevations  arc  slightly 
greater.  Excepting  in  the  salt-marsh  region  near  .San  Francisco  Ha\' 
the  valley  proper  is  throughout  highly  cultivatetl,  being  dcvotetl  to 
the  nuuierous  deciduous  fruits  comiuon  to  California — njost  largely  to 
the  prune,  for  which  it  has  long  been  a  leading  center  in  this  country. 
The  yields  of  its  fruits,  and  coaseiiueiitly  the  value  of  its  orchards  and 
vineyards,  are  high;  it.-  farm  home.s  are  widely  known  for  their  taste 
and  comfort  and  for  tlie  convenience  of  communication  and  general 
orderliness  which  they  possess.  liesides  the  city  of  San  -lose,  with 
something  over  22.»H)0  inhabitants,  it  contains  such  pios^x-rous  t(jwn 
centers  a.s  Santa  Clara,  Los  (iatos,  Campbell,  and  Saratoga,  making 
altogether  a  well-settled,  well-utilized  .section.     Its  jwculiftrly  sheltered 

"  ili>st  of  the  ticlil  ilatii  iKTUiiiiing  in  the  duty  ami  ei^A  of  water  iu  Hit-  Simla  Clarn 
Valley  were  uatlieri'il  uii'ler  tlie  writer's  directioti  iluriiiji  I  lie  sea-on  of  IIKM  by  Mr. 
F.  H.  Tibbetts,  then  a  senior  student  in  civil  engiiieeriiiis  in  the  University  o(  C'ali- 
fomill  mul  now  an  instriu'tor  in  liydraulicw  in  the  Lick  ."h-IiooI  of  Mechanical  Arts  in 
San  Kraneisoo.  Mr.  Tibbetts  has  also  asBiste<l  in  the  preparation  of  this  report  for 
publication. 
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location  with  n-fi^renco  to  San  Francisco  Bay  conditions,  liowover,  as 
well  as  till'  iK'cuIiar  conditions  of  soil,  ciinmto.  and  markets,  its  social 
ttdviintiijrcs.  mill  its  people,  give  it  a  <liaracter  soniewliut  ditlercnt  from 
what  would  usually  be  termed  an  avenige  for  C'aiifoniia,  altliough  in 
its  net  results,  as  measured  in  the  prosipority  and  intelligeme  of  its 
people,  nuuierous  other  sections  of  the  State  are  retidily  compuralile 
ith  it. 

80URCS8  OF  WATEB  SUPPLY. 


The  water  supply  of  Santa  Clara  X'ulley  is  deiived  from  two  di>- 
tintt  sources,  namely,  from  streams  and  from  wills.  The  water  from 
the  streams  is  tised  for  the  most  part  fron>  .Taniuiry  1  to  March  31  i  f 
each  year,  under  the  usual  «lesignatit»n  f)f  "' winter  irrigation."  Tie 
water  puiuix'd  from  wells  comes  from  the  watcr-l>earing  sand  ar  d 
gravel  beneath  the  surface,  and  is  applied  after  the  winter  rains  hai  e 
ceased — that  is. in  ■'sunnner  irrigation."  The  practice  of  using  crci'k 
water  in  winter  and  the  necessity  for  pumping  water  from  wells  in 
summer  follow  naturally  from  the  fact  that  the  creeks  which  drain 
the  liasin  furnish  a  supply  only  during  the  miny  months  of  winter 
and  spring. 

For  a  period  of  nineteen  years  the  mean  aimual  precipitation  at  the 
town  of  Santa  C'lani  was  Itl.ort  inches,  but  of  this  total,  l(i.i)()  imhes, 
or  two-thirds,  fell  during  the  four  months  of  necember,  January, 
February,  and  Manii.  At  the  same  place  and  for  the  same  period 
the  avi'iiige  niinfall  from  .Inne  1  to  Sept<^mber  8<)  was  less  than  one- 
half  inch.  This  uneven  distriimtion  of  the  amuial  rainfall  might  not 
cause  so  much  dilierencc  in  irrigation  practice  if  a  part  of  the  pre- 
(■ipitation  could  be  witliheld  in  the  form  of  snow  oti  high  ransres; 
out  on  account  of  the  mild  winter  climiite  and  the  low  elevation  of 
the  Coast  Range  there  is  no  snow,  and  only  that  part  of  the  moisture 
which  pereo1ate>  into  the  soil  and  subsoil  is  held  liack.  The  orchanl- 
ists  might  ctmstruct  storage  reservoirs  and  thereby  retain  a  portion 
ot  the  winter  flow  of  the  various  streams  of  the  valley, Imt  cxpeiience 
has  taught  thfui  that  wherever  the  soil  of  the  valley  is  deep  and 
letentive  of  moisture  a  large  amount  of  water  can  be  stored  therein. 
.  »'es«>i-voir  formed  by  the  open  space  in  the  subsoil  Iwneath  a  culti- 
vated orchard  nmy  not  be  the  most  etfecfive.  but  it  is  very  likely  to  be 
Ine  loHst  expensive  and  most  convenient. 

^  1  he  exjieripnce  of  a  large  number  of  fruit  growers  during  the  past 
•  .  •  •^'*''*''"  '"'■•'  •dearly  shown,  the  feasibility  atid  economy  of  winter 
jj.*"'*^!'""-  •'•  coiise((iience  of  this,  creek  water,  which  possessed  little 
1111"""^/*'"'  '*'"  '"  '**'''^'*'  >'^*"''*  ago,  Iteing  then  pennitted  to  flow 
in  v**l  ^*  '*'*"  '*"-^"  '^  ""^^  eagerly  sought  for  and  is  yearly  increasing 
Jiiid*  "•"'  ^^^  '"*^'  •^*'""'  "  ''"^'''  """*'"'''  "f  '"■'*^'  ditches  hiive  been  dug 
**xi"ting  ifravily  plants  extended,  so  that  now  almost  the  entire 


IKRIOATIOTf    t?f  SAHTA   CLARA    VALLKY.  CAMKoRNIA. 


79 


winter  flow  of  these  various  creeks  is  utilized.  If  tin-  flow  in  the 
creeks  were  more  plentiful,  and  if  all  the  irrigable  land  were  low 
enough  to  l>e  readily  roacbed  hy  gravity  canals,  the  need  of  piimpingr 
for  irrigation  would  not  he  so  urgent  as  it  now  is  and  the  praetice  of 
winter  irrigation  would  he  greatly  extended.  Many  wouhl  gladly 
irrigate  in  winter  if  water  were  aiailahle.  heeause  even  if  they  pri'- 
ferred  summer  irrigation  they  would  get  along  with  a  witvter  supply 
for  the  sake  of  saving  the  exi^ense  of  purchasing  and  installing  a 
pumping  plant,  as  well  as  the  extra  expense  for  fuel,  attendance, 
repairs,  etc.,  incurred  each  season  liy  raising  the  water  supply  fiom 
the  wells.  Few,  however,  have  ariy  option  iti  the  matter.  The  supply 
of  water  in  the  creeks  is  not  sutiieient  for  all,  and  nnich  of  tlie  eulli- 
vated  land  is  too  high  to  he  reached  hy  gravity  ditcht>s  from  the 
creeks.  Some  of  the  most  vahiahle  land  in  Santa  Clara  Valley  is  thus 
Iwated,  and  its  owners  must  either  pump  water,  purchase  a  supply 
from  their  ncighhors'  pum[)s.  or  do  without  irrig.itiun. 

The  orclr.udisLs  of  the  Santa  Clara  Valley  may  therefore  he  grou|)ed 
luider  four  heads:  (1)  Those  who  depend  solely  on  winter  irrigiiliim 
and  who  olilain  their  su[>ply  from  the  creeks;  (2)  those  who  putnp 
water  either  from  the  creeks  or  from  wells;  (8)  those  who  purchase 
water  each  season  from  a  neighhoriiig  plant;  and  (4)  those  who  ilo  not 
irrigate  at  all.  Tliese  four  groups,  and  particularly  the  tirst  three, 
are  not  distinct.  It  frecpiently  happens  that  an  orchardist  uses  water 
from  a  creek  ditch  in  winter  or  spring  and  from  a  well  in  summer. 
If  the  annual  rainfall  is  heavy  and  the  .streams  conseipiently  high  lie 
may  not  start  the  |)urnp  ihiring  an  t-utire  season,  keeping  it  rather  as 
an  insurance  against  drought  in  dry  sea.sons.  On  the  nther  hand,  in 
dry  sea.sons  he  may  get  little  water  from  his  usual  creek  supply  and 
lie  competed  to  depend  entirely  on  pumping.  Quite  often  a  supply 
from  a  pump  mingles  with  that  from  a  creek.  As  regards  the  fourth 
group,  some  use  no  irrigation  water  from  choice,  others  from  neces- 
sity. Some  are  .so  situated  that  if  they  would  ohtain  water  they  nmst 
raise  it  W)  feet,  and  the  present  low  price  of  prune*;  will  justify  the 
cost  of  doing  this  in  only  a  few  cases. 

The  extent  of  the  annual  rainfall  at  Santa  t'hmt  has  already  heen 
indicated.  The  preeipitjilion  there  is  representative  of  the  precipita- 
tion thi'oughout  the  main  Hoor  of  the  valley,  lir  the  foothills,  how- 
ever, it  is  considerably  greater,  heing  heaviest  in  the  wooded  section.s 
of  the  Santii  Cruz  Mountains,  from  which  most  id'  the  water  supply  is 
derived. 

ORCHARD  IRRIGATION. 

The  rainfall  during  the  dry  year  of  l.S!«8  was  a  triHe  more  than  one- 
half  the  normal.  The  year  previous  was  likewise  oin'  id'  scanty  water 
supply.  These  two  dry  years  coming  in  succession,  followed  hy  others 
of  medium  precipitation,  compelled  a  resort  to  irrigation,  ami  thus 
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stiinulnt(*d,  u  iimjoiity  <>t'  tln>  urclmrdists  have  eoiiie  to  count  on  Irri- 
giitioii  :iN   they   count   on  cultiviitioii.      Frevitms  to  tlic    dry   pin'iwl 

fbeginuiiifj  in  ISitfS  a  iimitod  iirni  w:is  wintcr-irrij^iitcd  witli  uittiT 
oldaiiu'd  from  tlif  oivok-i.  tmt  the  prevuilini^  sciitiiiu'nt  was  npjwsL'cl  to 
ii'riifiitioii.  Th»?  opposing-  sfiitiiiioiit  wus  fostcrL'd  liy  real  i'>tHtt'  men 
und  others  who,  with  land  for  sale,  desired  to  (.'reale  the  impression 
tliat  irriiffttion  wiis  umieecssury  in  theic  locality.  The  benefits  result- 
in<f  from  a  wise  use  of  water  in  tliis  valley  have  now.  however,  heen 
clearly  demonstrated.  Some  of  the  most  apparent  of  those  to  the 
fruit  grower  have  l)een  the  snperioi'  quality  of  the  fruit  produced,  a 
greater  reg-nlarity  in  hearing-,  and,  more  particularly,  a  larye  increase 
in  yield.  That  these  results  have  been  obtained  is  admitted  bj'  nearly 
all  fruit  growers  in  the  vaHey,  and  the  conclusion  seems  also  to  be 
borne  out  by  investigations  made  for  the  Office  of  E.\p(M"iment  Sta- 
tions by  Prof.  E.  J.  Wickson.  of  the  Culiforniu  Agricultural  Experi- 
ment Stiitioii  (see  pp.  141-1 74).  In  ci»ses  where  fruit  has  been  damaged 
by  in-igation  the  cause  has  usually  been  the  application  of  too  much 
water  or  its  upjjlication  at  the  wrong  time. 

There  is  a  widi'  dilference  of  opinion  among  the  fruit  grow-ers  as  to 
the  best  time  to  irrigate  and  the  proper  amount  of  water  to  apply. 

[  Those  who  are  dependent  on  the  flow  in  the  creeks  and  who  irrigate  in 
Jumiary.  February,  atid  March  are  apt  to  favor  witvter  irrigation, 
while  tlK>se  whoownond  operate  pmiipitig  pltuit.s  ai'C  inclined  to  think 
that  the  advantages  are  chiefly  to  be  found  in  applying  the  water  in 
tile  late  spring  and  early  summer.  In  briefly  comparing  (he  advan- 
tages and  disadvanluges  of  these  two  metli<)ds,  it  may  be  said  that,  as 
regards  the  soil,  the  question  hinges  very  largely  mi  its  depth  and 
texture,  A  deep,  retentive  soil  will  hold  a  large  part  of  the  water 
applie<l  iti  winter,  anil,  being  moist  from  frenuent  rains,  will  readily 
absorb  what  is  applied  on  the  surface.  Porous,  gravelly  soils  and 
subsoils,  on  the  other  hand,  will  lose  by  percolatir)ri  nuicli  of  the 
moisture  applied,  and  such  soils  should  lie  ii'rigated  in  the  s[)rit)g  and 
summer,  when  the  crops  are  in  rtiost  need  of  moisture.  In  consider- 
ing the  loss  by  evaporation  and  i>ercolation  there  is  no  decided  net 
gain  either  way.  Much  of  the  water  applied  in  >unnner  from  pump- 
ing plants  is  lost  by  evaporation,  but  probably  very  little,  if  any, 
drains  from  the  soil.  A  large  part  is  ijuickly  absorbed  by  the  trees. 
In  winter  irrigatioir  the  rati'  of  evaiKiratitjn  is  mucli  less,  but  the  time 
during  which  it  acts  is  ver}'  mueli  greater.  Also,  nnich  of  the  water 
applied  in  winter  undouiitedly  drains  aw:iy  before  the  tree-,  are  able 
to  make  use  of  it.  In  comparing  the  cost  of  the  two  methods,  the 
advantages  are  all  iti  favor  of  winter  irrigation.  Creek  water  is 
cheaper  and  more  |)lentiful,  and  thoie  is  a  saving  in  tabor,  sirn'c  le.s.s 
<-ultivution  is  reipiired  after  each  irrigation  in  winter  than  is  retjuired 
after  each  irrigsition  in  >uimner. 
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THE  APPLICATION  OF  WATER  PUMPED  FROM  WELLS. 

WuU«r  is  applied  to  tiie  orchards  in  furrows,  in  basins,  and  by  flood- 
ing. The  furrow  and  Ijasin  methods  arc  used  for  water  that  is  pumped 
from  wells,  while  tlic  rioodinj^  method  is  confined  to  low-lyinj;;.  level 
lands  that  are  irrij^ated  from  the  creeks.  The  latter  method  is  too 
wasteful  of  water  to  I*  adopted  by  the  fruit  growers  who  are  obliged 
to  use  pumix'd  water,  and  this  discussion  will  be  confined  to  the  furrow 
aud  basin  methods. 

FtTRKOW  METHOD  OF  IRBIGATION. 

The  practice  of  furrow  irrigation  is  gaining  in  favor  in  the  Santa 
Clara  Valli-y.  Many  who  formerly  used  basins  have  adojited  furrows. 
As  a  general  rule,  wherever  conditions  are  favorable  it  is  the  most 
ssatisfactorj'  way  of  applying  water  to  orchards.  The  most  favoraVde 
fonditions  are  an  even  slope  of  from  lU  to  U(>  feet  to  the  mile  and  a 
.soil  of  fairly  uniform  texture.  When  the  sloi>e  is  less  than  lt»  f»'et 
per  mile  the  size  of  the  furrows  should  1m?  increa-sed,  and  when  it 
is  more  than  20  feet  i)er  mile  the  size  of  the  furrows  should  Ijc 
decreased.  The  i)urjx)se  of  this  a<ljustn»eiit  is  to  reduce  the  ilow  on 
steep  grades  by  cutting  down  the  cro8.s  section,  and  to  increase  the 
.•'ize  on  flat  grades  to  make  up  for  the  slow  velocity.  On  very  steep 
grades  the  frees  of  the  orchard.-^  .sjioulil  l)e  planteii  on  grade  lines  of 
about  0.5  inch  to  the  rod,  in  order  to  provide  suitable  slopes  for  tlie 
furrows. 

In  soils  that  are  not  fairly  uniform  in  texture,  water  can  not  be 
evenly  distributed  by  furrow.*..  A  strip  of  loose,  jwrous  soil,  or  a 
poi'ket  of  sand  lying  between  compact  soils,  will  intercept  the  flow. 
The  result  is  uneven  disti  itiution  and  waste  of  water. 

The  luunber  of  furrows  between  the  rows  of  trees  varies  in  prac- 
tice from  1  to  H.  but  is  most  f  ro<iuently  4.  For  a  light  application  of 
water,  many  |)rcfer  a  deep  furrow  in  the  center  of  the  spnui-  l)ctween 
the  rows.  This  deep  furrow,  wlien  made  by  a  subsoiler,  loosens  the 
soil  to  a  depth  of  1.5  inch(>s  or  uioi'e.  In  running  water  through  it 
little  is  lost  by  evaporation,  since  it  may  be  tilled  Iti  with  dry  .soil  a 
few  hours  after  the  water  is  turned  off.  Wlien  four  furrows  are  made 
between  the  rows  they  vary  in  depth  from  .t  to  lo  inches  and  in  length 
froju  5(»U  to  3.(KHl  feet. 

The  hetid  ditches  of  the  valley  are  made  of  the  orchard  soil,  and 
openings  are  made  in  the  lower  bank  to  feed  the  various  furrows. 
There  are  a  few  exceptions  to  this.  Some  orcluirdists  have  provided 
head  flumes  of  lumber  with  holes  in  the  skh'  to  distribiUe  water  to  the 
fiirrows.  Others  uuike  u.se  of  short  wooden  tultes  which  are  inserted 
iu  the  ditch  liunk  op|H)site  tlie  head  of  each  furrow. 
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Tlieatinmiit  of  wiitvr  lui'iiwl  into  ctit-li  furrow  is  niiirfi  larji^er  than 
ill  furrow  irrit,fation  iti  southern  Califoniiu  and  varit'S  lill  the  way  from 
5  to  12  miner's  Indies. 

BASIN  METHOD  OF  HBRIGATIOir. 

For  a  fuller  description  of  ibis  nn'tJKxl  of  irrijjiuion,  as  well  as  of 
the  furrow  au'tlioil,  Liio  reader  is  referreil  to  Hullotin  !4.t  of  tJic  Ottioe 
of  Experiment  Stat  itnis",  which  deals  with  uiotltods  of  prL'pariuff  land 
and  applying  water.  In  a  precediuj^  paniirrajih  the  {general  state- 
ment wa-s  made  that  uudiT  favorable  conditions  the  furrow  method  of 
irrigation  is  to  be  preferred.  In  this  conneetion  it  is  well  to  .state  that 
some  soils  cuii  not  l>e  sucecssfully  irriguti'd  by  furrows.  la  some 
soils  of  Santa  ("iara  \' alley  the  lateral  percolation  is  so  slow  that  sur- 
face tlooding  in  basins  is  necessary.  There  are  likewise  cases  wlu?re 
the  flow  tlirough  a  furrow  might  run  for  days  and  not  get  beyond  a 
saudy  sump  on  it^  course. 

It  is  claimed  by  those  who  prefer  ba.sins  that  the  top  layer  of  soil  is 
the  richest  in  plant  food,  that  the  rootlets  of  trees  obtain  much  of 
their  supply  from  the  ingredients  it  contains,  and  that  in  conseqnence 
the  top  layer  should  beamjily  supplied  with  moisture  in  order  to  render 
this  plant  food  available.  On  the  other  hand,  there  are  some  serious 
objections  to  the  basin  method,  which  liie  fruit  grower  should  strive 
either  to  overcome,  or,  if  that  is  not  practicable,  to  les.sen  the  injurious 
etlects  of,  One  of  the  greatest  of  these  is  the  loss  of  water  by  evajMm- 
tion  from  the  moist  surface  soil  aiui  the  consequent  baking  and 
cracking  of  the  surface.  The  ne.xt  objection  is  tfie  ammmt  of  labor 
expended  in  preparing  the  basins  to  receive  water,  and,  aftei-  it  has 
been  applied,  the  subse(iuent  plowing,  leveling,  and  hari'owing  which 
are  necessary.  As  a  rule,  each  irrigation  calls  for  the  twofold  task 
of  building  levees  around  small  inclosurea  and  of  afterwards  leveling 
the  surface  to  a  uniform  grade. 

THE  DUTY  OF  WATER  UNDER  TYPICAL  DITCHES  OF  THE  SANTA 

CLARA  VALLEY. 

In  order  to  afford  an  o|)()ortunity  to  compare  the  duty  of  water 
under  pumping  jilants  with  that  under  gravity  ditches  a  summary  of 
the  results  of  measurements  made  on  three  dil^-hes  is  herein  intro- 
duced. Prior  to  the  time  of  making  these  measurements,  in  the  early 
part  of  IDU-i,  little  data  could  bo  obtained  regarding  either  the  capaci- 
ties of  the  varioas  ditches  or  the  amount  of  water  received  by  the 
users. 

The  method  followed  in  determining  the  daily  flow  of  each  ditch 
was  to  insert  a  rating  tlume  near  the  point  of  diversion  or  to  use  for 
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thi)<  purpose  ii  Hmiic  ulrciuly  in  place.  Tlie  eleviitioii  of  the  surface 
of  the  water  in  each  ntttiii;  tliiiiie  was  obtained  hy  a  record ini;  iiotrii- 
nieiit,  and  .sufKcient  eurrciit-Lieter  {^lugings  were  taken  lo  ciiiililc 
the  investiij^tor  to  make  ratiiijr  tHl)le.s  and  coinputo  from  these  the 
daii\-  di.-<cliart^e. 

The  acreajre  irrigated  under  eacli  diteh  wus  ohtained  for  the  most 
part  from  tlie  record  hottks  of  thecutitd  sii[ieriiiteiideiits.  and  in  doubt- 
ful eases  the  owners  were  iiiti'rvicwcd.  lOxtrenie  aeciinir-y  as  to  the 
ext^^nt  of  the  hind  irrigsited  was  not  obtained,  since  Kith  the  acreage 
irritfatiti  ntid  the  How  in  the  creeks  vary  coiisitlentbly  from  year  to 
3-ear.  The  main  [lurjiose  of  tliis  preliniittary  investii»'ation  was  to 
obtiiin  reasonably  accurate  tij^ures  pertaining  to  the  duty  of  water 
under  creeks,  the  waters  of  whicli  were  used  for  wiiit<'r  irriti;ation, 
and  to  compare  tliese  tiyures  wilh  those  obtained  in  et)nii<'clioti  witii 
pumpiny  plants, 

STATLER  DITCH. 

Statler  ditch  is  one  of  four  main  ditches  which  divert  water  from 
Lo.s  Gatos  Creek,  aiul  is  used  to  irrijjate  a  poi'tion  of  tiie  orcliarrls  in 
the  vicinity  of  the  town  of  Campitell.  The  asscK-iation  owningr  the 
ditch,  which  is  not  incorpoi'ated.  c<yiisists  of  ten  individuaU.  The 
surplus  water  is  sold  (o  out.siders,  who  paid  in  l'.Hi4  ljil.">  per  ilay  of 
twenty- four  liours  for  a  head  estimated  to  contain  *i:i5  miner's  inches, 
or  4.5  cubic  feet  per  second,  all<>win<,'  ■")•!  miner's"  inches  Hs  the  <'<|uiv- 
alent  of  1  <-ubic  foot  per  second.  This  ditch  is  between  4  and  ,'»  miles 
long,  is  from  7  to  Id  feet  wide,  and  from  2  to  4  feet  deep.  Its  maxi- 
mum discharge  in  l!ii)4  was  (io  cidde  feet  per  second  and  its  mean 
discharge  throughout  the  irrigation  periotl  of  fifty  days  was  Ul.TS 
cubic  feet  per  second.  The  area  irrijfated  from  thi.s  source  from  Feb- 
ruary 27  to  Aprd  28,  19t»4,  was  1,241  acres,  and  the  annual  rainfall 
wan  12.2.">  inclies. 

IHity  of  Hxi/fT  undfr  St(tUirr  ttUch,  IHO^. 

Duration  uf  irriKatimi  (Ki'bruary  27  to  April  23) ilay?..  .W 

Aiva  irrigattnl acrt-s..  1,241 

DitH-hiirKe  of  ditrli , Bcru-feet..  I.IWI 

Depth  of  wiiter  !i|i|.lifii feet..  l.o8 

SOBOSIS   AND   CALKINS  BITCHES. 

These  ditcher  divert  water  from  Campbell  Creek  at  a  point  about  3 
mile.s  below  the  town  of  Saratoga.  Since  the  headgates  and  some  f50<) 
feet  of  the  upper  portion  of  the  ditch  are  operated  in  common,  the 

"There  is  a  differenci'  of  opinion  in  the  Santa  Clara  Valley  a-i  to  the  value  of  the 
miner's  inch.  Some  have  mlopted  the  soutberii  (.'iiliforiiiu  "ini'h,"  measured  umler 
a  4-inch  heuil.  while  others  have  adopted  the  statutory  inch,  which  \»  nieiifured 
umler  a  U-iiich  hea<l,  and  is  e<juivalent  to  the  oue-fortioth  part  of  the  Htandard  unit 
of  1  cubic  foot  per  H*(!ond. 
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wal<»r  mea-iurcmentti  were  nia<Ii>  ahK>v»;  tho  di vision  point.  Both  ditche* 
urt-  owned  l»v  ineorporaled  i-oui{Kiiiii-.s  oryauized  primarily  for  the 
parpcMe  of  M>lling  tbf  suqilus  watpr  which  remains  after  the  needs  of 
the  stockbolder-i  have  l»een  i«upplii'd.  Each  company  charges  a  uiii- 
fonu  rate  of  ^-J^J  per  day  of  twenty-four  hours  for  a  head  of  water 
r«itiinaled  to  contain  l,s<X)  gallons  per  minute,  or  4  cubic  feet  per 
tecuod.  To  avoid  liti}n>t>on.  the  com|)ttnies  have  agreed  to  sell  water 
to  ripanui  owners  on  (.'anipUdI  Creek  at  half  rates. 

TJte  maximum  combined  discharge  of  the  ditches  was  91  cubic  feet 
p«r  teeoad.  and  th<-  mean  disclmrge  for  the  irrij^tion  p*^r'od.  extend- 
ing fiWB  February  12  to  April  23,  11«»4,  was  3.S.3  cubic  feet  |)er  sec- 
ond. Tbe  annual  rainfall  for  I'MH  wa«  12.42  inches  and  the  amount 
«f  valer  applied  during  the  rainy  season  was  20.U5  inches,  or  a  total 
fhMB  hmh  soarceM  of  32.47  imlies. 
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I  irf  irr%;ui<m  ( Fetfrnanr  12  li»  .\pril  21) <l«ys. .  70 

Amtirrif^teU acres..  3,021 

XMsdou^  (A  (litchM arre-feet . .  .i.  300 

Depth  of  water  applie<l feet..  1.  TS 

PIONEER   DITCH.  fl 

Pioneer  ditch  diverts  water  from  Almaden  Creek  in  the  foothills 
iihont  Itt  tiiiles  south  of  San  Jose.  Several  causes  combine  to  produce 
a  lower  duty  of  water  here  than  under  the  two  ditches  just  mentioned. 
The  ditch  being  owned  bj-  a  cooperative  company,  nearly  the  entire 
water  supply  is  used  by  shareholders,  who,  having  to  pay  no  tixed 
charges  for  the  water,  are  inclined  to  use  it  freely,  if  not  wastefully. 
Another  cause  of  the  low  duty  is  the  longer  irrigation  season  under 
this  ditch.  The  ditch  company  is  fortunate  in  po.ssessing  first  rights 
on  the  stream  and  in  having  its  headgiitcs  well  up  in  the  foothills, 
thereby  gaining  the  water  which  would  otherwi.se  be  lost  by  seepage  in 
the  sand  of  the  natural  channel. 

The  maximum  discharge  of  the  Pioneer  ditch  in  lOtH  was  24  cubic 
feet  per  second,  and  the  mean  discharge  for  a  period  of  one  hundred 
and  fifteen  days  was  13.1s  luldc  feet  jH>r  second.  This  amount  of 
water,  when  applietl  to  tHHi  acres,  was  sulhcient  to  cover  it  to  a  depth 
of  over  44J  inches.  The  rainfall  at  San  Jose  was  13  inches,  thus 
ting  over  53  inches,  less  the  loss  in  transit,  that  was  received 
'  ro|)r>. 

thity  of  mUer  umUr  I'iimtrr  ilitch,  l!>04. 

Dnration  of  irrigation  pt'riod  (l'V«l>nmry  IH  to  Juuo  ")..   ..days..  U.i 

.\n9  irri^t^l wres..  tHXt 

Disrharw  of  ilitrli .. ..,..,. .aoro-feet..  3,004 

Depth  of  water  iippl if. I                     .,» feet..  3.  :M 
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The  duty  of  wntcr  may  ho.  mnvo  roudily  roiiiprcht'iiiictl  l>y  .sonn'  if 
expressed  in  miner's  inches  jKr  iicro  rather  than  in  depth  of  water 
over  the  area  ii-rifjated.  This  has  been  done  in  the  followinj^  suni- 
niury.  Tlie  valnc  »{  the  miner's  iiu;!)  herein  used  is  similar  to  that 
of  southern  California,  where  1  <ul)ie  foot  per  second  is  etjui; uleiit  to 
50  miner's  inehes. 

.Viiier't  inch  ]>rr  itcrf  irrigiitril. 

Statler  .litdi 0.797 

Sorosis  anil  Calkiiisditohei' i>32 

PiontHT  liitrh 7;<'i 

Assuming  that  tlie  above- tramed  tiitehes  are  representative  of  all 
the  gravity  ditches  in  the  Sunta  Clnia  Valley,  the  average  duty  of 
water  in  1!KI1  as  npplietl  in  winter  irrigation  was  h. 7'J  miner's  inch 
jjer  acre. 

LOSS   OF  WATER   IN   TRANSIT. 

The  figures  whieh  pertain  to  the  discharg«'  of  ditehes  given  in  the 
preeeding  paragraphs  are  the  results  of  niea.snrements  made  near  the 
head  of  each  dit«'h.  The  aggregate  in  all  the  latei-als  wiiieh  supply 
the  farms  under  any  one  of  the  ditches  under  eonsiileration  would  be 
eonsidciiii)ly  leas  on  ai'count  of  the  losses  arising  from  seepage,  evap- 
oration, and  from  other  causes.  An  etff>rt  was  made  tf»  detei-niine  in 
a  general  way  what  these  losses  wcte  in  live  <litches.  A  suitable  sei-- 
tion  was  chosen  in  each  ditch  of  froru  1  to  2  miles  in  length  and  the 
discharges  at  both  ends  of  the  .section  were  measured.  The  average 
lo.ss  a-s  founil  by  these  tests  was  over  •'•  |K>r  cent  of  the  fiow  per  mile. 
Thus  a  ditch  4  miles  long,  according  to  this  average,  would  lose  about 
25  per  cent.  .  , 

FERTILIZING   VALUE   OF   CREEK   WATER  IN    SANTA    CLARA 

VALLEY. 

The  creeks  of  S»inta  Clara  \'alley  carry  a  considerable  tgnantity  of 
sediment  during  the  rainy  period.  In  winter  irrigation  a  jiart  of  this 
sediment  is  transporter!  by  the  main  canals  and  their  distiibutaries 
and  deposited  with  the  water  on  the  surface  of  the  cultivated  tields. 
The  prevailing  opinion  among  tluise  who  use  r-reek  water  in  winter  is 
that  this  sediment  possesses  consideralile  value  when  compared  with 
coniuuTcial  fertilizers  such  as  are  usually  iip|)lied  to  stone  fruits. 

For  the  purpose  of  ascertainifig  the  eouuuercial  value  of  the  .sedi- 
ment in  the  water  samples  were  taken  in  Mai'ch,  ll»04,  and  analyzed. 
Four  .samples  of  water,  containing  the  usual  amount  of  sediment,  were 
taken  from  a  small  creek  east  of  1a)s  (iatos  on  the  orchard  owned  by 
O.  y.  Van  Dorsten.  Three  additional  .sjimj>les  were  taken  on  different 
days  l)j  D.  K.  Pender  from  a  lateral  which  supplies  his  orchard.  The 
lateral  is  part  of  a  ditch  system  taking  water  from  Los  (latos  Creek, 
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aod  during  the  three  days  when  samples  were  taken  the  water  in  it 
contained  an  average  amount  of  sediment.  These  seven  samples  were 
mixed  and  analyzed  by  Prof,  George  K.  Colby,  of  the  Universitj^  of 
California. 

The  results  of  Professor  Colby's  analysis  will  be  something  of  a  dis- 
appointment to  many  users  of  rreek  waters  who  Ijelicved  that  their 
irrigated  fields  were  annually  enriched  from  this  cause.  The  report 
shows  that  the  value  of  the  sediment  is  <>7  cents  per  acre.  In  arriving 
at  this  result  the  average  depth  of  water  applied  over  the  surface  of 
orchards  in  winter  irrigation  was  lirst  obtained.  This  average  depth 
for  190-1:  was  2.224  feet,  or  724,«t>(>  Ignited  States  gallons  per  acre. 

The  following  are  the  results  of  Professor  Colby's  analysis  as  given 
by  him: 

An(ilyiti>  iff  an  arerntjf  mimjile  of  viUer  fmm  rrfi-kii  In  fivila  Cliirn  Vallt;/. 


t'onstliiu'iits. 


rotOKKlnm  sulphate  ( KjSO,) 

Sodium  sulphalv  ( XiiiSO,) , 

S4)<iiuni  cliliirid  (NnCl) 

SiKlium  eiirbimale  (Na.<'Oj) 

Sodium  iiilrati'  (SaNOa) 

Magnt'sinui  lartxiimtc  ( MgllO,) 

('«li'iuin  cartHmatc  iCaCOai 

Calcium  sulphate  iCaSO,! 

Calriuiii  phosphate  i  ( 'ail\<  >, ) 

Irnuaiid  alumina  (K<-.0:iand  Al./),) 
Silica  (SiO...). 


(rralii* 

per 
United 
states    , 
gallon. 

O.IS 
2.1* 


Farts 
million. 


3.07 
35.  W 


Organic  matter  (larj?e)  and  chemieally  comliined  water. 

Tola  I 

Frt.*e  carlMUiic  acid  gas 


.3,1 

5.66 

.til 

10.45 

Ni  ne. 

None. 

1.69 

ii.m 

4.11 

70.  S7 

.93 

15.  VS 

.61 

10.45 

.■m 

4.79 

1.4.S 

24.  SS 

1.4.'> 

24. « 

13.'75 

2.S.40 

Smal.l. 

Small. 

An'onliiig  to  the  aliove  table,  ami  assiiiniiij;  that  the  averafre  <lo]ith  of  creek  water 
appliol  to  each  a<'r«'  !.>■  2.224  acif-fcct,  the  total  amount  of  mineral  matter  reoeiveilby 
each  aiTe  wonld  lie  4,778  ]Knniils.  Of  this  total  ;?,ii<X)  iK)iin(l)<  is  seiliment  insoluble 
anil  not  available  for  iilaiit  food;  tlie  balance,  1.27.'i  pounils,  may  Ik.' 8ulMli>'ide(l  aa 
follows: 

AlhiH. 

Piumdn. 

White  alkali  (wxlium  sulphate) 21.5 

Black  alkali  (.soilium  carbonate) 63 

Common  salt  (sodinm  chlorid  I 36 

Like  most  mountain  stream  waters  this  one  is  o.«iK'ciall y  pure  and  admirably  suited 
for  the  irrigation  of  fruit  trees.  None  of  the  alH)ve-named  salts  is  .stiflicieut  in  quan- 
tity til  injure  deciduous  orcharils,  which  can  tolerate  lO.OtX)  pounds'  of  white  alkali 
IK'r  acre  and  I,0(X(  pounds  of  each  of  the  remaining  two. 

l'Vi'tifi:hiii  iiif/tyflirnlx. 

PoinuK 

I'hopphorii-  acid 2.9 

S>hible  jMitash 10. 1 

Nitrogen None. 
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The  pri'(f(linK  table  shown  thai  Ihe  nviiilalile  i>ot««h  carriiMl  to  i-arh  aire  of  huifl 
liy  tin-  vvutcr  was  10.1  pouiiils  valui'il  at  M  vvntf,  ami  2.9  poiiruis  of  |>hospliorit'  aciil 
valucfl  at  1"  crnln.  or  that  tlit-  lolal  a'liltil  value  from  the  water  was  liiit  tj7  cents. 

Five  liiinilre<l  i>oumU,  theiiiieiiiimni  ainoiiiit  a|i}>lie<l  fier  acre,  of  onlinary  fertilizer 
for  8t4ine  fniils  eontainj;  available  pMita.x|i  and  |ihoi4]>horio  acid  worth  at  leaxt  $5. 
Thii*  it  appear)!  that  over  seven  years  of  irrigation  with  this  water,  in  the  quantities 
used.  Would  Iw  requireil  to  fnniish  prune,  peach,  and  aprii-ol  orchards  with  am  much 
available  plant  food,  containing  no  nilronren,  as  is  supplied  by  one  little  dreeeint;  of 
fertilizer. 

THE  COST  AND  DUTY  OF  WATER  IN  1904  UNDER  60    PUMPING 
PLANTS  IN  SANTA  CLARA  VALLEY. 

Durinj;  the  irrij^ition  .season  of  1!M>4  ineasiiremeiits  were  niude  of  the 
clisrhafiie  of  t)H  irrifj^tion  jMitiijis  in  Snutn  Cliifa  Valley.  The  purpo.se 
of  these  iiieasiireineiil.s  was  to  nitl  in  ileteniiiiiiiii^,  roiijjjhly,  the  .service 
these  pumps  were  performiiij^  and  the  cost  of  the  water  the}'  rai.sed. 
No  techtiieal  felinciiient  was  ninied  at.  Imt  the  iiicaMifoUHMits  were 
made  (.-arcf 111 ly  and  the  results  are  williin  ])rin.-ticid  Ihiiits  df  iicfiiracy. 
During  eaeh  test  every  effort  wa.s  made  to  ha\e  the  plant  iH'ing  tested 
run  as  nearly  as  jiossiMe  under  averap'  rotiditioiis.  Wherever  prae- 
ticahle  a  weir  notch  of  the  trapezoidal  form,  1  to  3  feet  wide,  cut  in 
a  rough  iKJiird  dam.  was  inserted  in  the  ditch  leading  from  the  pump. 
In  this  connection  it  was  generally  necessary  to  Imild  up  the  !)unks  or 
to  deepen  the  cliannels  of  I  lie  (liteh<'s  in  order  ti>  gi\e  siithcient  ch'pth 
below  the  weir  crest  In  jx'ruiit  of  accurate  measurement.  Measure- 
ments were  taken  of  the  defdh  of  water  on  the  crests  at  regular  inter- 
\als.  varying  with  the  ditlVivnt  weirs  from  a  few  hours  to  sevend 
days.  In  a  few  eases  permanent  weir  boxe.s  were  instalh^l  and  meas- 
urements made  for  the  entire  season.  With  a  few  of  the  larger  plants 
the  discharges  were  gauged  with  a  current  meter. 

The  re.sults  from  6()  of  the  US  plants  tested  are  summarized  and  tahu- 
lafeil  nil  page  KS,  together  with  diita  regarding  the  [Ktwer  used,  the  urea 
irrigated,  the  total  <|iian1ily  of  water  used,  the  liciglit  it  was  lifted,  and 
the  various  items  of  cost.  The  remaining  plants  are  not  emhraced  in 
the  tahle  liecaii.se  of  their  showing  ahnormal  conditions.  The  plants 
are  numliered  for  purposes  of  reference. 
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•Sumtixiri/  <)/  dnUi  cuuccruliig  ctml  and  duty  11/  waller  vndir  GO  jmmping  plaitt*  in  Santa 

Cliira  \'idl'ey  in  IH114. 


Xi). 

of 

I 


Power. 


!  ! 

1  steam 

2    (Ill 

3 do 

4  ' <lo 

ft  do ; 

ti   do I 

7    do 

8    do 

9 do 

10  Gail 

11  Steam 

12  1  Ga* 

13  Steam 

14  i  Gas 

15   do 

16  Steam 

17  Gax 

IS    Steam 

1»   do 

20  Ga» 

21  .  Steam , 

22   do ' 

23  Gas 

24    do 

2.S    Steam 

2«     Gas 

27    do 

2»    Steam 

M  I  Ga» 

30  ! do 

31  I  Electric 

32  !  Steam 

33  ' do 

34    do 

3.=)   do 

36   do 

37    do 

:«   do 

39   do 

40   do 

41  Gas 

42  Steam 

43   do 

44  Steam 

45    do 

4i'>   do 

47    do 

4H  I  Gas 

49    do 

ft()     Slwilii 

.M      Gii> 

.Vi    do 

W  I  Slciim 

M  ■  (fU.s 

.V>     StCHlll 

.'k;  ,  (iiK 

r>7     Sluaiii 

.'»     <ins 

.'lO    do 

I'M     Steiim 

Totiils  or 
uvi-niut's. 


Cost  of 

Dis- 
charge. 

Area 
watered. 

Amount 
of  water 
raisied 
duriUB 
season. 

.  .  _ 

Deptli 
of 

water 
applied 
(Jurins 
season. 

Heijfllt 
water 
iuise<1. 

Oast  of 

water 

per 

acn". 

Cost  Of 
water 
per 
acre- 
foot. 

raising  1 
acre-foot 
of  water 

Ifoot 
(i.e..  per 
foot-acre- 
foot). 

Total 
cost  of 
water 

for 
seamn. 

Cu.JI. 

Mr  ttr. 

Acrif. 

Acrr-fci-t. 

Ferl. 

Fril. 

l..Vi 

ISO 

■       31,5.4 

2. 10 

110 

$10.  .50 

»4.99 

to.  045 

«1..575 

1.10 

19 

3.5. « 

I.K7 

50 

10.  .-ff 

,5.51 

.111 

197 

.76 

28.5 

13.4 

..57 

140 

5.83 

10.2'2 

.078 

137 

2.34 

28 

;»K.7 

1.55 

28 

.5.96 

3. 85 

.137 

149 

2.34 

l.i 

14.5 

.97 

2« 

3.73 

3.86 

.138 

56 

2..V> 

30 

31.1! 

1.0.5 

22 

3.77 

3.58 

.163 

113 

.90 

22 

11.0 

.,53 

70 

3.  ,59 

6.81 

.097 

79 

MX 

12.  .I 

•      14 

1.12 

.5K 

5.60 

,5.00 

.086 

70 

I.IK 

\h 

9.7 

.65 

.58 

3.20 

4.95 

.085 

48 

.72 

12 

14.4 

1.21) 

50 

8.33 

6.94 

.139 

100 

l!42 

W 

.54.7 

.61 

75 

3.80 

.5.90 

.079 

323 

.92 

22.  S 

17.K 

.79 

27 

2.W 

3.26 

.121 

.58 

1.04 

IK 

,5.1 

.2K 

86 

2.17 

7.65 

.089 

39 

.9!t 

30 

.51.1 

l.KO 

77 

11.40 

6.32 

.082 

342 

.72 

2.T 

14.3 

..57 

27 

S.00 

.5.24 

.194 

75 

l.XX 

34 

21.2 

.62 

68 

2.44 

3.92 

.058 

83 

.4.1 

24 

10.  K 

.45 

44 

1.8:1 

4.07 

.093 

44 

.7.'-. 

20 

Ifi.fl 

.83 

2t 

.5.55 

6.69 

.279 

111 

LSI 

3>i 

70.6 

1.K6 

115 

7.16 

3.85 

.094 

•m 

.!i3 

IK 

17.4 

.97 

46 

6.89 

7.18 

.1.55 

124 

1.23 

.iO 

26.5 

..53 

88 

3.S4 

6.30 

.072 

167 

1.32 

.Vi 

74.5 

].,V> 

88 

.5.96 

4.40 

.«» 

328 

1.34 

75 

107.9 

1.44 

24 

.3.33 

2.32 

.096 

2S0 

1.01 

25 

19.4 

.7» 

27.5 

1.44 

1.86 

.067 

36 

2.X3 

70 

70.2 

1.00 

19.5 

2.  ,53 

2..52 

.129 

177 

1.29 

10.5 

49.4 

4.70 

.52 

8.95 

1.90 

.087 

»4 

1.29 

11 

46.5 

4.23 

.52 

8.09 

1.91 

.037 

89 

2..V. 

30 

39.7 

1.32 

37 

3. 30 

2.19 

.067 

W 

2.07 

19 

44.2 

2.:t3 

43 

4.21 

1.81 

.042 

80 

2.07 

1(! 

24.5 

1..53 

43 

2.81 

1.84 

.(M3 

45 

2.11 

15 

31.3 

2.09 

34 

.5.67 

2.72 

.080 

85 

.9;! 

23 

2K.K 

1.25 

49 

7.30 

6.83 

.119 

168 

.92 

21 

lli.C. 

.79 

55 

4.86 

6.15 

.112 

102 

■I.Hi 

20 

4K.2 

2.41 

60 

,5. 75 

2.39 

.040 

115 

\.-M 

40.  5 

21.9 

..54 

93 

4.. 52 

8.36 

.090 

183 

l..Vi 

24 

•22.4 

.9:^ 

73 

3.75 

4.(r2 

.055 

90 

2.17 

10 

23.  li 

2.36 

91 

21.80 

9.24 

.101 

218 

1.22 

211 

13.6 

.68 

121 

3.1.5 

5.  37 

.044 

73 

1.29 

35 

26.  K 

.77 

100 

6.83 

8.92 

.090 

239 

1.31 

K5 

;«.4 

.43 

85 

2.  .v. 

,5.99 

.070 

218 

.S2 

70 

;« 

.47 

.53 

3.11 

6.61 

.125 

218 

1.K7 

40 

15 

1.13 

80 

9.18 

8.15 

.102 

367 

.SI 

73 

29 

.40 

118 

3.07 

7.72 

.065 

224 

2.23 

l.'iO 

l.Vs.  5 

1.0; 

44 

2.47 

2.3:< 

.058 

870 

1.2'.' 

33 

57.6 

1.75 

91 

11.42 

6.51 

.072 

377 

2.13 

IV) 

60. 6 

1.01 

."lO 

2.  .58 

2.  .56 

.051 

1&5 

l..'<- 

35 

■M\.  ■> 

1.03 

:is 

3.14 

3.01 

.080 

IIU 

1.17 

35 

2K.9 

.W 

46 

3.34 

4.05 

.088 

117 

1.J3 

45 

72.6 

1.61 

;iK 

6.24 

S.87 

.102 

281 

i.si; 

34 

.V1.4 

l.6:i 

40 

.5.0>" 

3.12 

.078 

173 

22 

:',o 

14. « 

.49 

23 

2.si:( 

6.03 

.262 

88 

I'.ri 

15 

9.4 

.la 

63 

2. 13 

3.40 

.054 

33 

1.1.5 

41  ..-> 

27.  6 

.i"i6 

102 

4.17 

6.27 

.061 

173 

1.23 

:t5 

:tK.i; 

1.10 

.50 

6.8;t 

6. 19 

.124 

239 

2. 70 

I3',l! 

202.3 

1.45 

(M 

3. 76 

2.  .59 

.043 

.524 

.l;i 

14 

.16 

13 

1.00 

6.09 

.142 

14 

1.T.5 

l:t.  5 

45;  ii 

1.115 

.59 

6. 1 1 

.5.86 

.099 

267 

.fiS 

21 

9. 5 

.  15 

1(17 

3.81 

8.42 

.079 

80 

.71 

24; 

20.6 

.  .S5 

115 

4.79 

.5,(« 

.019 

116 

..'<■'» 

411 

67.2 

1.6S 

110 

12. 12 

7.22 

.066 

485 

.066       11,261 


Althouirh  .soiiMMvhut  cumborsoine,  the  above  tal)le  ha.s  been  included 
becau.«!e  of  the  value  it  may  have  locall}-  in  the  valley  and  because  it 
may  be  useful  for  yenenilizations  that  will  not  be  included  in  this 
report. 
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Tlip  sijrnirii-iiiit  Kj^iifcs  of  tliis  tuMo  are  lurifcly  f/rciii|K'tl  uikIit  the 
hoadinj^s  of  i-usts.  Utlier  feiitmi's,  howovor.  iiri'  inteiTstitiii-,  mid  in 
the  suininaries  liolow  an  attempt  hiis  Uccti  made  tu  include  .siicli  of 
them  as  seem  esix^citdly  usefid.  In  culIi  i/tist"  the  Hit  pliints  un'  divided 
into  jjroups  in  order  to  show  the  moist  common  condition: 

.S'uni(H<in/  oj  ISO  puinjiirnj  /ilaiiUi  elattijied  accorilinij  tti  Ihr  cost  of  raimmj  1  ucrr-fool  uf 
UHitrr  1  fuol  {lliiil  M,  {Mtr  JinitiifT(-Jont). 

Nunit>er  for  which  ea-^t  is  umier  5  rentn  per  foot-iu're-foot 10  ■ 

Nunilier  for  which  cost  is  5  t<>  10  centa  [ht  foid-acn'-fuot 31  J 

Nunil>er  fur  which  cost  is  10  to  15  cents  per  foot-acre-foot 14  I 

Nuiiil)er  for  wliir-h  cost  is  over  15  cents  jwr  foot-acre-foot 5  I 

Siimmary  of  HO  )tMm]>ii\g  ///(in/*  riaiuijii'tl  iwcordiiuj  to  rrml  »/  »>i/cr  prr  iiere.  I 

Nuinljer  for  which  cost  is  under  $5  per  acre 35  I 

Nunil)er  for  which  cost  ia  ?.')  to  $10  jwr  acre 19  I 

Nuuilier  for  which  cost  is  $10  to  615  |ier  acre 5  I 

Number  for  which  coft  is  over  $15  per  rt<-re 1  I 

SuHwutr;/  o/iiO  fmiiijiiiuj  iilmtl*  cUuai/irft  itcniriling  In  ilt/ilhf  of  milrr  npftlieil.  1 

NunilH?r  for  wliidi  ih'|ilh  !i|i])Iic(l  ic  under  1  fiMit 29  I 

Nuuiher  for  which  ilcjilh  aiiiilicl  is  1  to  2  feet 24  J 

Nunil)er  for  whicfi  <le|itli  ajijilieii  in  2  to  3  feet 5  I 

Nuuilier  for  whii-li  liepth  aiiplieil  is  over  3  feet 2  " 

Summar;/  of  00  pumping  {tlanl*  cliisnifirtt  according  to  iiiuinlity  nf  vnltr  ilinrharged. 

Number  for  which  d)«;harj?e  is  under  0.5  cubic  foot  per  i^econd  { 225  I 

(talloiw  jx-r  uuimie) 3             I 

Number  for  wliich  ilistcharjie  is  0.5  to  1  cubic  foot  per  second  (225  I 

to  450  giiiioiis  |>cr  minute) 15             1 

Nunilier  for  wiiicli  discharge  is  1  to  2  cubic  feet  per  second  (450 

to  WO  iralloii- )KTiuiii(ite)  29              I 

Number  for  which  diwhiirge  is  2  to  3  cubic  feet  pereecuud  (JMX)  to  I 

1,350  gallons  i>er  minute) 13             j 

Of  the  fio  plrtiUs,  tlie  aln>ve  cliissiHciitions  show  the  Inrj^est  niinilier 
to  fall  within  the  fjroups  under  which  the  tUitv  of  water  is  less  thuii 
1  acre-fo(jt  per  aire,  the  cost  of  water  per  acre  under  S5,  tlie  ••est  of 
each  aere-f(K)t  of  wider  raised  1  foot  is  iM'tween  5  and  10  cents,  and  the 
discharge  of  tlie  pumps  is  between  1  ami  'J,  ciihic  feet  per  second,  or 
between  45(>  and  :t<Mi  jfullons  per  mituite.  If  the  tin  plants  were  further 
cla.ssitied  as  above  it  would  lie  found  that  for  a  miijority  the  lifts  are 
Jietween  25  and  75  feet,  that  HS  are  steam  plants,  :il  yus  plants,  and  1 
an  electric  plant,  and  that  the  larj^est  number  of  plants  water  areas  of 
less  than  25  acres. 

The  data  jjiven  in  the  table  above  misj;ht  he  chissitied  in  a  numlu'rof 
ditTerent  ways  accordinj;:  to  tln'  informution  desired.  The  summaries 
aljove  show  soinethiiifj  of  the  pteviiiling'  practice  us  re<rurds  tlie  nuu'e 
important  matters  covered  by  the  talile.  Following  are  given  u  few 
deductions  having  particular  reference  to  costs. 
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KELATION  OF  COSTS  TO  LIFT. 

The  table  on  page  88  shows  that  the  average  cost  of  raising  1  acre- 
foot  of  wat^i-  I  foot  was  ^.066  for  the  GU  plants  included.  For  9  of 
the  plants  the  height  water  wa.s  lifted  was  great<!r  than  100  feet,  3-et 
of  these  9  the  cost  p«^r  foot-acre-f(X)t  was  in  only  two  cases,  numbers 
3  and  58,  aljove  the  average  of  SO.iMiO.  If  onl}'  the  cost  of  fuel  were 
to  be  considered,  the  cost  of  raising  1  acre-foot  of  water  1  foot  would 
most  probably  increase  with  an  increase  in  lift,  but  the  cost  of  attend- 
ance changes  this  <ondition,  and  is  verj"  frequently  found  to  Ije  the 
same  whethei'  the  lift  is  30  feet  or  100  feet. 

BKI^TION  OF  COSTS  TO  SIZE  OF  PLANTS. 

It  may  be  stated  as  a  general  truth  that  the  operating  cost  of  pump- 
ing water  should  be  less  under  large  plants  than  under  small  ones, 
Iwcause  large  jilants  can,  as  a  rule,  be  run  more  efficiently'  than  small 
plants,  and  with  >)ut  a  slight  increase  over  the  small  plants  in  the  cost 
of  attendance.  The  average  cost  jier  acre-foot  of  water  under  the  60 
plants  was  S4.38.  Thirteen  of  the  00  plants  had  capacities  of  over  2 
cubic  feet  per  second,  or  of  !K)(>  gallons  per  minute,  and  the  cost  under 
these  averages  $8.21  jx'r  acre-foot,  the  cost  under  all  but  one  of  the  13 
plants  being  below  the  average  of  S4.38  for  the  <>().  Eighteen  of  the 
00  plants  had  capacities  of  less  than  1  cubic  foot  per  second,  or  of  450 
gallons  {K>r  minute.  The  average  cost  of  water  jjer  acre-foot  for  these 
18  was  $0.47,  the  cost  under  all  but  two  being  above  the  average  of 
$4.38  for  the  CO.  These  comparisons  l)ear  out  the  general  statement 
made  at  the  ))eginning  of  the  imragraph. 

COMPABISON    OF    THE  COST  OF    WATEB    TTNSEB   BITCHES   AND 
TTNDER  PUMPING  PliANTS. 

The  average  quantity  of  water  used  per  acre  during  the  early  part 
of  li>04  under  u  few  typical  ditches  of  the  SantJi  Clara  Valley  was  as 

follows: 

.1 1(  (vi(/c  ijiiitnlilii  iif  wtli'r  iiKid  jht  ixiTf. 

Acix'-foct. 

StatltT  .lit.h 1. 58 

Sorosin  urnl  Calkins  ilitchcs 1.  75 

IMoiU'cr  (litcli 3. 34 

Avcnisrf 2. 22 

The  officers  of  tlie  Statler,  Sorosis,  and  Calkins  ditches,  in  addition 
to  supplying  the  needs  of  their  respective  stockholders,  sold  water  to 
outsiders  at  an  average  piice  of  S2.1t>  per  acre-foot.  If  it  is  assumed 
that  those  who  purchased  water  at  this  rate  used  as  nuichas  the  stock- 
holders, the  average  cost  to  the  former  would  be  S4.6t)  per  acre.  It 
is  reasonable  to  conclude,  however   that  the  purchaser  of  water  from 
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n  ditch  fompiiny  would  use  .somewluit  U-.-.n  lliuii  oiio  \\\u>  owiuhI  jui 
intere.st  in  tho  coiiijxiiiy.  This  view  i.s  .stronijtLi'neii  liy  tho  fact  that 
(luring  the  year  previous  the  average  cost  of  water  for  winter  irriga- 
tion on  lyoorclianls  wa.s  S-2..ji)  per  aero.  It  is  therefore  piolmlile  tfiat 
$4.0(5  per  acre  approaches  the  inaxiinuin  cost  of  water  for  winter  irri- 
gation and  that  the  average  i.s  eonsiderahly  less. 

As  regard.s  the  cost  of  water  umh-r  piuiipirij,''  plants,  some  orchard- 
i.sts,  as  hii*;  been  stilted,  own  their  jjlants,  while  others  Iniy  water  from 
a  neighhtoring  plant.  In  the  case  of  the  fornu^r  the  results  of  inves- 
tigations show  that  the  ;uer;ige  cost  for  opi-ralion  in  JHn-|.  was  $4. '.Mi 
IMM-  acre.  This  .sum  included  the  cost  of  fuel,  attendance,  and  slight 
repairs,  hut  did  not  include  any  of  the  fixed  charges  which  would 
proi>al>ly  a\ei-age  fully  IM  per  cetit  of  the  ciipitiil  invested  in  the  plant. 
In  a  plant  which  cost  %^:i,Ol)M  and  irrigates  .Vn  acres  the  fixed  charges 
would  amount  to  S'itiO,  or  lj3."2(>  p<*r  acre  irrigated,  which  would  increa.se 
the  average  cost  from  $4.!*('.  to  $li>.  U!  per  acre. 

The  cost  of  water  under  pumping  plants  may  he  more  accurately 
determined,  perhaps,  Fiy  as«"ertainiiig  the  rates  charged  by  the  owners 
of  jilants  for  given  amounts  of  water  sipplicd  on  !idjoiniag  orchards. 
The.se  rates  are  usually  expres.sed  in  dollars  and  cents  per  hour  for  the 
use  of  the  stream  of  water  which  is  discharged  by  the  pump.  The 
8ale  of  water  in  this  way  lias  not  pro\i'ii  wholly  .satisfactory,  since  few 
mea.sui'ements  of  the  amounts  tielivered  have  been  luiule.  and  since  the 
purchaser  ha-s  .seldom  had  any  delitiite  idea  of  the  amount  of  water 
applied  to  his  orchard  in  a  gi\en  time.  The  di.'^chiirges  gixen  in  the 
following  table  were  measured  at  various  times,  and  the  rates  per  hour 
were  obtained  from  either  the  buyer  or  the  .seller. 

Price*  paid  for  uxUer  frmn  puiiipitiy  planit  in  imi4  by  Simla  CUira  Viilleij  nrrliurdiiUf. 


Mo. 


Rate  per 

hnor. 


Slieor 

■treun  pur- 

rhaaed 


1 

n.oo 

L.iO 
.(IS 
1.2.S 
X2a 
1..V) 
1.00 
2.UU 
I.2.S 
2.  SO 
2.60 

J 

B 

4 

*. 

e 

7 

S 

9 

10 

11 

Ctt.Jt.per 

Mfr, 

1.87 

2.M 

2.07 

.03 
I..S9 

.92 
2.S2 
1.K7 
I.3.S 
I. GO 
1.2S 


No. 


lUleper.,^**"' 


1 

12 

IB.UO 

13 

1         1,80 

U 

1         1.S5 

US 

l.SO 

16 

l.ftO 

17 

1.,tO 

|« 

1. 00 

19 

l.nO 

■JO 

).7.S 

Avrrage... 

I..SS 

Cu./I.  )tcr 
arc. 
1.75 

.85 

.n 

l.tii 
l.Oll 
72 
'.H 
1.92 
I.2H 


l.M 


The  average  rate  for  the  20  orchards  ILsted  in  tho  preceding  table  is 
$l..i5  per  hour  for  1.44  cul)ic  feet  per  second  delivered,  or  at  the  rate 
of  SKi  per  acre-foot.  If  either  this  figure  or  the  figure  given  in  the 
preceding  panigraph  is  u.sed.  the  cost  of  pumped  water  is  founil  to  be 
over  twice  as  much  as  the  co,st  of  creek  water  run  in  ditches. 


THH  DISTRIBUTION  AND  USF.  (>]•  WATI'R  I\  .MODHSTO  AM) 
TURLOCK  IRRIGATION"  IMSTRICTS,  CALIFORNIA. 

By  Kraxk  Adams,  Irrigntinu  Amitanl. 
PUHPOSE  OF  REPORT  AND  CONDITIONS  PROMPTING  IT. 

Ciilifornia  will  sume  day  We  tho  h<mio  of  many  times  its  present 
popiiliitiod.  This  will  he  iicfomplished  liirj^cly  thnniyfli  the  et'ononiic 
iitilizntioii  nf  iu  14.O()O,()()0  ucres  of  valley  a^ricultunil  lain!.  Eleven 
million  acres,  or  nearly  80  per  cent  of  this  total,  is  ineliuled  in  the 
gifiU  \alli'y  (Iraint'd  !iy  the  Saonmieiito  and  San  Joaijiiin  rivers  and 
their  trihutaries.  Over  2  per  eeiit  of  th(^  ;jfreat  valley,  or  a  ((imrter  of 
a  million  acres,  is  included  in  Modesto  and  Tiirlock  irrijfution  ilistricts, 
in  the  loisin  of  the  San  .loii<iiiin.  If  these  two  district's  are  to  do  their 
part  ill  the  makinj^of  tlie  California  i)f  the  fntm-c,  they  will  have  to 
maintain  dense  rural  p(p[)ulations  and  supply  food  not  only  for  many 
dwellers  in  California  cities,  hut  for  many  of  those  people  outside  of 
California  who  manufacture  the  g-oods  Califonua  will  itnport.  This 
will  reipiire  an  ac^ricidtund  awidceinnfi^  now  lianlly  dreamed  of  liy  ii 
majority  of  the  peo[)le  of  these  disti'ii'ts--an  awakeninif  that  will  cause 
an  approach  to  the  methods  and  results  of  old-world  ajj rieulture.  Such 
an  awakeninj(  recently  hefpm  in  the  completion  of  Modesto  and  Tur- 
lock  iri'i<;ntion  systems,  for  the  turuitij^  of  water  into  these  systems 
marked  tlie  couunencenient  of  the  change  from  the  tuiprotitahh*  one- 
crop  dry  fariiunjf  of  the  past  two  decades  to  the  more  varied  and  more 
prolitatde  ajjriculture  Luiiier  irrijjation  of  the  future. 

The  purpose  of  this  rep<jrt  is  to  tell  of  the  organisation  of  Modesto 
and  Turlock  irrijjatioii  districts,  nnd  of  the  present  a^r'ienltunil  and 
oconomic  c<mditiMns  in  these  districts,  and  to  state  the  detailed  results 
of  a  study  of  the  distribution  and  use  of  water  made  in  llM-i:  hy  the 
irrij(jition  and  dra!iiaj;fe  investiirations  of  the  I'nited  States  DejMiit- 
nient  of  Agriculture,  in  cooperation  with  the  .State  hoarrl  of  examiners 
of  ('alifornia  and  the  University  of  California.  The  study  had  its 
inception  in  a  resolution  of  the  hoard  of  directors  of  Modest<t  irriga- 
tion district  reipiostinfj  the  United  States  Department  of  Agriculture 
to  make  such  investigation  of  the  various  questions  relating  to  the  use 
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arid  rlistrihutiuii  <)f  water  in  Modi-sto  irriyutinii  (ti>iU'ift  ms  would  RS-sist 
ill  the  cstaMisliiiiciit  of  proper  nili>  iiiul  rcjfiilsitioiis  for  surh  iiwi«  and 
dlstrUmtioii.  After  sixteen  years  of  pluiiniiig,  endeavor,  luid  dis- 
appi'iiitnuMit,  this  disttift  hud  so  fur  met  tlie  prolilems  of  tiMuiu-e  aiid 
construction  us  to  l»e  reudy  to  ileti\  er  water  to  the  farms  of  tiie  district. 
Tlie  problems  presented  at  tbis  juncture,  however,  were  new  to  the 
people  of  these  districts.  On  the  one  hand  was  a  canal  i-eady  to  carrj' 
water:  on  the  other  wen*  a  liimdred  or  more  widely  separateil  farms 
ready  to  receive  i(.  How  mucti  water  vvum  it  jifoing  to  he  nece.s.sary  to 
deliver  to  each  farmer  for  each  acre  of  alfalfa  or  other  crop  irri;.fated  ? 
How  often,  and  liy  what  method,  should  tliis  water  he  applied  to  the 
laiid<  How  much  water  whs  it  gfoing  to  be  neoe.ssary  to  turn  into  the 
head  of  11  l»>-foot  lateral  to  deliver  the  needed  amount  to  lon  scattered 
acres  at  the  lower  end  of  this  laterals  Should  each  irrigator  receive 
his  pro  lata  of  the  available  siipj)! y  u.s  a  contirmous  stream,  or  should 
lie  receive  a  larirer  \dltiiiie  for  a  shorter  p<'riod  '.  What  administrjilive 
ollicers  and  employees  wereg<>iii<(  tt)  he  needed  in  the  work  of  (ielivery 
and  how  should  they  he  organixerl  so  that  each  irrigator  in  tiie  district, 
wlietlu'r  at  the  liead  of  the  lirst  hiteral  or  at  tlie  foot  t)f  the  last  one, 
shoiikl  receive  his  share  of  the  common  supply  with  that  certiiiiity  and 
promptness  required  for  .succe.ssful  iriigtition  farniing  in  a  dry,  hot 
climate?  How  far  was  it  going  to  be  necessary  to  restrict  the  choice 
of  individual  irrigators  as  to  time  and  method  of  water  delivery  so  a.s 
to  give  that  uuif«rmity  of  Mj'steni  without  which  no  |)lan  of  delivery 
would  be  successful?  In  a  word,  how  should  the  district  proceed  to 
make  tlie  best  use  of  the  water  it  had  obtained  at  the  cost,  measured 
in  money  alone,  of  ifl,*jl5U,0OOi( 

In  a  way  the  questions  presented  to  Modesto  irrigation  district  were 
the  (pu'stioiis  presented  to  all  new  irrigation  i'nter|irises;  yet,  they 
were  more  ditlieult  of  answer  nnd  more  far  reaching  in  their  apiilica- 
tion  than  new  irrigation  enterprises  have  genefally  had  to  meet. 
Here  was  a  system  that  covered  sn.iKio  acies  of  irrigalih'  land,  to 
which  one  great  canal  was  to  deliver  water  to  farmers  having  no 
acquaintaiH'e  with  the  rei|uirements  of  irrioiition  farming,  yet  in 
which  all  were  r'oowners  with  the  right  and  obligjition  of  jointly  con- 
trolling and  o|)erating  for  their  mutual  iH'nefit  the  water  8up])Iy  they 
had  made  a\iiilable.  On  each  of  the  SG.OiiO  acres  of  laiui  wa.s  :i  bond 
for  its  share  of  the  million  and  a  quarter  dollars  of  indebtedness, 
and  to  each  acre  of  land  was  attached,  presumably  inseparably,  its 
share  of  the  district  water  right.  If  the  water  supply  should  run 
short  or  the  canal  break,  there  was  no  ownership  a|>art  from  the  irri- 
gators and  their  holdings  to  sutTer  from  the  resulting  damage:  and  if 
the  adopted  system  of  distribution  sliould  })rove  iinsatisfuctoiy  and 
inadequate,  the  irrigators  alone  would  bi'  responsible  for  devising  a 
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systoiu  of  (iistrilnition.  tbeiT  was  not  lui  iicn-  of  land  within  tiio  dis- 
trict that  vould  escape  its  proportion  of  the  annual  tax  for  nuiiiit«- 
nanco.  oi>f'r!ilinii.  and  lii'ttf rniont.  rfirardlt'ss  of  wliother  wator  was 
applied  or,  if  a|n>lifd.  rct^ardless  of  the  tjiiimtity  u^t'd.  The  pra<-tical 
prohlenis  of  use  that  met  the  district  as  a  unit  were  therefore  the 
problems  that  niet  the  iiulixidual  landholders  and  iri'ijfatnrs.  impor- 
tant in  proiMU'tioii  to  the  vnliu'  nf  the  laiul  eaeh  held  and  dilKcult  in 
proportion  to  the  eharaeter  and  loeatiou  of  the  holdiiiy.  To  ijrnore 
thc>se  prohlems,  or  even  to  fail  in  their  sohition,  meant  correspond  in*;- 
reiluetioii  in  the  ahility  of  I'arh  landholder  to  j^et  liaek  from  the  land 
his  i)roportion  of  not  only  that  which  liad  been  put  into  the  eaiml.  hut 
also  of  the  tjixes  that  woidd  Ih*  lev  icd  fur  forty  years  to  piy  the  prin- 
cipal and  inU-rest  <»ii  the  outstundiiiy  honds, 

Modesto  irrijjation  district  lies  on  the  north  side  of  Tuolumne  River, 
east  of  the  San  Joa<|uin  and  south  of  the  Sfnnisljuis,  and  eoiitniiis 
81,143  acres  (PL  I^.  (hi  (lie  south  side  of  the  Tuolumne,  principally 
in  Stanislaus  County,  hul  also  extending  into  Merced  County,  lies 
Tiirlwk  ii-rifratioa  district,  with  l7ti."Jlo  acres.  Hy  bi'inf,'  jointly  inter- 
ested with  Mixlesto  irri^jalioii  district  in  divertinjr  works  from  Tiio- 
hmmie  River  above  Lagrange,  with  conditions  and  needs  practically 
the  same  and  only  the  Tuolumne  se{)aniting  it.  Turlock  irri<i;ation 
district  is  in  many  ways  one  in  interi'st  with  Modesto  district.  The 
two  were  organized  in  the  same  suuutier  anrl  met  substantially  the 
same  dithculties.  In  \U^)\.  wlieti  Turlock  canal  was  ready  to  carry 
water,  the  landholdei's  in  Turlock  district  faced  the  same  problems  of 
nianugemeiit  and  lu-ganization  that  came  to  Modesto  district  three 
years  later.  For  this  reiLsun,  ami  because  it  was  believed  the  two 
districts  will  continue  to  have  interests  and  tlitliculties  in  common,  the 
study  requested  of  the  Department  of  Agri<-Hlture  by  Modesto  dis- 
trict was  made  to  include  also  Turlock  district.  ' 

OUTLINE  OF  THE  INVESTIGATION. 

The  investigation  with  which  this  report  deals  was  begun  the  latter 
part  of  March,  l!)n4.  aitd  continued  until  both  Modesto  and  Turlock 
canals  were  closed  for  rejmirs  and  im[)rovements  in  the  fall.  The 
subjects  under  consideration  were  as  follows:  (I)  The  organization  and 
history  of  the  districts;  {'2)  the  Imsis  of  their  water  rights;  (;^)  the 
extent  of  diversions  from  Tu<diuiine  River  in  Liti  14  and  their  relation 
to  the  nonual  How  of  the  stream;  (4)  the  area  irrigated,  the  amount  of 
water  apj^lied  in  l'.Mi4.  and  the  losses  in  tnuisit  by  seepage  and  evajx^ra- 
tion;  (a)  the  <'rops  grown  and  the  methods  followed  in  applying  water 
to  them;  (d)  the  rise  of  ground  water,  and  (7)  records  and  methods  of 
water  delivery  and  di.stribution. 
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HISTOEY  OF  MOBESTO  AND  TURLOCK  IRRIGATION  DISTRICTS. 

ORGANIZATION. 

Tho  lii.story  of  Jloilcsto  iiiid  'rtirlnck  iirij,'!ition  districts  propcrlj' 
begins  with  the  fuiliirc  <»f  ii  (iiiurtor  nf  n  tiiillioii  ultcs  of  ffrtilii  \iilli\v 
land  ((>  vifld  si  coi'tnin  iind  rirli  li!ir\i'.-it  pi'iiclirally  withiHit  t-ost  und 
witJHHil  work.  I^yiiitl  until  tlie  cnrly  sixties  a  vast,  unfenced  pasture 
of  tlowers,  rUiwr.  nnd  alliloria,  the  liuul  siirroniided  liy  Stanislaus.  San 
Joaipiin,  and  Mcrct'd  rivers  and  the  footidll.s  of  tlie  Sici-ra  Nevada, 
and  t)iserti'd  by  the  Tuohiniiic,  Imd  for  a  generation  after  farming 
began  in  the  San  .loai[uin  Valley  been  an  agricultural  Kl  llonuio. 
Kaidi  season  of  plowing  and  sectling  was  sure  (o  l)i'  fidjowed  \ty  a 
bountiful  yield,  and  this  in  turn  was  followed  without  further  .seeding 
by  at  least  one  anil  id'ten  two  voluiiteei'  crops  whieh,  although  redut^ed, 
wer<'  yet  pnjfitable.  The  peo[>le  were  happy  and  the  towns  pi'osper- 
ous.  But  the  charm  of  this  life  broke.  The  time  came  when  instead 
of  tvv<j  or  three  crops  of  grain  or  hay  to  one  plowing,  two  and  three 
plowiiigs  aii<l  an  altt-rnate  season  of  >uinmer  fallow  were  necessary,  or 
c'learly  would  be  necessary,  to  raise  a  single  crop  of  the  nld  propor- 
tions. AVith  the  failui'e  of  the  soil  came  a  fall  in  prices,  the  average 
value  of  a  cental  of  choice  wheat  cleliv<'red  at  Modesto  during  the  tive 
ypjirs  beginiung  in  1881  being  §1.45,  as  against  ^l.iVPi  for  the  five  years 
preceding.  Then  tlie  peojile  eonunenced  to  talk  about  irrigation. 
While  it  is  doubtful,  judging  from  later  results,  if  many  aiiticijiated 
irrigating  grain,  the  progre8.sive  farmers  were  almost  a  um't  in  believ- 
ing that  water  for  raising  greoTi  feed  aial  fruit  would  be  a  blessing 
widl  Worth  striving  for.  Sentiment  crystallized  in  favor  of  providing 
water  from  one  of  the  ample  streams  of  the  neighborhood,  but  no 
satisfactory  agreement  could  lie  reached  as  to  the  neces.sary  details  of 
.sucli  an  Lindertaking,  and  n<)  snlfieient  encouragement  was  offered  for 
outside  capital  to  work  the  pioblem  out  iiulependently  of  the  farmers. 

In  ISTjs  a  law  wjus  passed  creating  an  in'igjition  district,  to  be  called 
the  Modcst<t  in'igiilion  tiistiict,  and  to  intdude  thi'  land  lying  between 
Tuolumne  and  Stanislaus  rivers  from  San  Joatpiin  Itiver  east  to  the 
fodtliills.  A  corporation  was  authori/ed  to  be  formed  for  furnishing 
water  to  the  district  atid  the  cr(>dit  of  the  State  aiul  Stanislaus  {.,'ounty 
was  loaned  for  the  payment  of  Ixtuds  up  to  !!i5fHl,u<Hl  in  amount,  cov- 
ering the  cost  of  canals  and  other  irrigatiim  works.  Nothing  substan- 
tial i-esulted  from  this  law,  but  with  it  and  other  eiuictments  as  a  basis, 
the  author  of  the  Wright  law,  himstdf  a  resident  of  the  territory  in 
(piestion.  in  l^i.sT  snlanitted  to  t!io  legislature  the  draft  of  a  law  that 
proposed  to  enalde  neighborhoods  in  like  condition  with  th<»si>  around 
Modesto  and  Turlock  to  organize  a.s  public  corporations  and  as  such 
to  raise  moiu\v  for  supplying  water  for  irrigation.     The  Wright  law 


I 


I 


MUUKSTO' AND    Tl'KUXK    IKKKJATION    DISTRICTS,    CAL.         97 

was  approved  Marrli  7.  ISfsT,  and  hofore  tlie  niid<llt>  of  t\w  following 
. I  Illy  Moih'.sto  imd  TiirlofW  irrifj^jition  districts  hiid  hoeii  tlociared 
oryiiiiizi'd  Ijy  t'lo  Iwiiixl  of  .siipervi.soris  of  Stanislaii.s  Uoiinty. 

The  Iciji.slature  of  ISitT  enacted  a  new  law  for  the  (irpiuii/ation  and 
jfovernnu'iit  of  iiri>i;atioii  districts,  at  the  same  time  repealiiif^  the 
Wright  law  and  its  siipplenientarv  and  siiiiendatorj  act^,  so  far  as  they 
might  lie  inconsistent  with  the  new  act.  This*  act,  similar  in  its  gen- 
eral features  to  the  Wright  law,  was  approved  March  31,  l.Si»7,  and  is 
generally  kuown  as  the  irrigation  act  of  1897. 

OPPOSITION  TO  THE  DISTaiCTS. 

When  the  districts  were  organized,  sentiment  was  not  unanimous  in 
their  favor.  Prai-tirally  all  want«^d  water,  lint,  especially  in  Modesto 
.district,  there  was  determined  opposition  to  irrigation  utider  the 
Wright  law  or  any  other  law  that  made  a  water  lien  general  and  forced 
ta.xes  to  he  paid  on  land  wliether  water  was  used  on  it  or  not.  IjIUhI 
holdings  varied  in  si/e  from  KKi  to  2,0(Mi  or  ;3,(K)0  acres,  with  proba- 
bly more  of  320  acres  than  of  any  other  size.  Many  of  those  whose 
holdings  were  free  from  delit  and  who  were  satisfied  to  continue  the 
old  exclusive  grain  farming,  anrl  thereftire  did  not  want  to  sell, 
objected  to  paying  water  taxes  <»n  their  entire  holdings  when  they 
perhaps  wanted  to  irrigate  only  4o  or  S(t  jicres.  In  Modesto  district 
this  class  represented  about  one-tifth  of  the  area  of  the  district  and 
one-eighth  of  the  a.>isessed  real  property.  To  increase  their  effective- 
ness in  their  fight  against  the  districts,  they  inc<»rponited  "defense" 
asscK-iations  and  used  all  jmssililc  means  to  defeat  the  incurring  of 
debt  and,  when  unsuccessful  in  tliat.  to  resist  its  payment.  An  action 
brought  to  confirm  the  organization  and  proceedings  of  Modesto  dis- 
trict was  contested  and  later  <'arried  to  the  United  States  Supreme 
Court.  To  further  harass  the  districts  the  opposition  landholders 
refused  to  pay  their  district  taxes,  and  when  their  lands  were  offered 
for  sale  under  the  district  law  by  the  district  tax  collectoi',  innumera- 
ble injunction  suits  were  brought  to  prevent  the  sales.  In  18VJ7  the 
opposition  elected  a  majority  of  the  board  of  diiectors  of  Modesto 
district,  and  for  four  ^ears  !)locked  all  assessments  for  interest  due  on 
the  bonded  indebtedness  already  incurred.  Simultaneously  with  the 
attempts  to  defeat  (he  existence  of  Modesto  and  Turlock  di-tricts. 
similar  attempts  weie  made  in  other  districts  organizecl  under  the 
Wright  law,  and  just  at  the  time  construction  on  Modesto  and  Tur- 
K>ck  canals,  already  several  times  delayetl.  was  again  getting  under 
way,  a  decision  was  ol>tained  in  the  I'nited  Stales  circuit  court  for  the 
southern  districtof  California  by  the  opponents  of  the  districts,  declar- 
ing th<^  Wright  law  unconstitutional  on  the  gnmnd  that  it  provided 
for  the  taking  of  private  property  without  tliie  process  of  law.     At 
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this  decision  tbo  money  nmiket  lefiispd  to  t«kc  nior.'  Ixiitds  nnd  work 
had  to  he  practically  su.spendcd  until  a  linul  niliny  .niiUI  he  ohtain.-d 
fronj  the  Supreme  Court  of  the  United  States.  This  was  ohtaiued  in 
the  casp  of  Fallhrook  Irripatioii  District  *'.  Bradley  ct  al.,  decided 
Novemlier  1«»,  ls<((),  in  which  the  law  was  declared  constitutional  and 
the  ruling  of  the  circuit  court  reversed. 

Even  with  the   law  declared  constitutional  the   opposition   did  not 
cease,  and   the  tinal  outcome  of    the  enterprisi's  was  still   uncertain. 
Land  titles  were  so  clouded  that  sales  practically  ci'ascd.  and  th{)usands 
of  acres  of  land  that  had  once  been  cousidei-ed  worth  ^'M)  and  $40  an 
acre  were  carried  on   the  county  and  district  as.scssment  rolls  at  one- 
third  of  these  values  or  less,  with  no  sales  at  even  these  tifjures.      Not 
only  could  int  land  be  sold  at  lij^nres  approuchint;  its  \alue,  but   land 
that  had  Vie^rmi  to   fail   before  the  piissajrc  of  the  district  law  in  1S>S7 
was  now  even  more  didicult  to  cultivutc  profitably.     .\ltbouii;h   in  two 
or  three  years  during  the  nineties  wheat  had  hrouybt  a  fair  tiu;ure.  in 
1S99,  19(K),  and  1901  it  was  hack  to  the  ruinous  prices  of  the  panic 
years  of   18l»3  and    1SH4.     Under   these  conditions,  to  contiruie  the 
wasteftd  luicertainty  that  had  characterized  the  existence  of  Modesto 
and  Turlock  districts  for  more  than  a  decade  would   have  been  too 
great  a  burden  for  even  those  best  prepared  to  meet  it.     A  chunj,'-e  for 
the  better  in  the  tinanues  of  the  districts  and  in  the  attitude  of  the  oppo- 
sition was  therefore  inevitable.     This  chanffe  was  praf'ual  during  the 
nineties,  but  perhaps  was  broufrht  to  a  heiul  in  lunl.  on    the  one  hand 
by  a  sensilile  court  decisittn  upholding  t!ie  integrity  of  t!ie  Turlock 
di.strict  bonds  and  on  tlie  other  by  a  mandate   from  a  United  Stat<'f* 
court  ordering  Modesto  district  to  h'vy  an  as>e-srni'nt  for  bond  inter- 

Iest  that  had  been  defiuilted  since  Is!)".  During  this  year  each  district 
reached  an  understanding  witli  its  bondholders,  in  Modesto  district 
resulting  in  the  bondholders  and  other  credilf>rs  paying  three  fourths 
of  the  sum  necessary  t<i  complete  the  works,  anil  in  Turlock  disti-ict 
resulting  in  a  settlement  vvilli  all  creditors  and  t)ondlioldors  on  a  basis 
of  l)et\veeii  sti  and  nn  cents  on  the  dollar.  In  both  districts  forty  ye-ir 
5  per  cent  funding  bonds  were  exclianged  for  the  original  twenty- 
year  H  j>er  cent  l>onds,  this  exchange  Vveing  eflected  under  authority  of 
a  law  passed  in  ISXH.  With  these  settlements  and  the  new  liuancial 
arrangements  ctlected  by  them,  opposition  to  the  districts  ended,  and 
those  who  tiad  been  relentless  against  tlie  districts  came  tinally  to  be 
and  are  now  among  their  slavmchest  supiwrters. 


CONSTRUCTION. 


Of  the  two  districts,  Turlock  district,  dating  from  June  6,  1Sh7,  was 
the  Hrst  organized.  The  tirsl  engineer.  Mr.  (ieorge  Manuel,  estimated 
the  cost  of  a  system  from  Tuohnnne  Uiver  at  $4*;7,544.ti'J,  and  his  plans 
were  adopted,  although  later  modtlied.     In  October,  1887,  *6(K).()U(»  in 
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twnds  was  voted,  the  ])n>fe(^ds  nf  wliirli  were  to  hp  used  in  coiistruc- 
tion.  Init  it  wiis  not  until  l.M*n  tiuit  luiv  contriicts  were  let.  In  June, 
ISIU.  jointly  witli  Modesto  district,  ii  contract  W!i>  let  I'm-  hnildinij  the 
divertinjr  dnin  ulxne  Litirriui<fe.  iind  tliis  was  cuiiipleted  in  nec(Mnl)er. 
1S93.  Hy  Miiy.  IMt'J,  it  wiis  uii[iiirent  tliiit  snilicient  funds  }uid  not 
In^n  provided  and  nn  iidditiuiial  !5(f>(>t),0(K)  wiis  voted.  Two  ^'eai-s  Inter 
!i  l)id  WHS  iicoepteil  for  tniildiiij,'-  the  remainder  of  llie  system.  This 
lust  bid,  however,  was  iu'c-c|>t('<l  vvhi^n  the  tinnncial  utftiirs  of  the  dis- 
trict were  at  a  low  ebb,  iind  in  Icsn  l  hari  six  months  work  under  it  was 
discontinued  and  the  contract  declared  forfeited  l)y  the  board  of 
directors  of  the  district.  Later,  on  tlie  i-epresentation  oi  Judjije  .Fames 
A.  Wayinirc,  this  contract  wa«  revived,  on  condition  that  Uaymire 
should  |)roceeil  undi-r  it  and  render  a  <'0tupleted  system,  (it  for  the 
eouveyancc  and  distribniton  of  vvaltM',  by  Ajiril  1,  isKii,  at  a  total  cost 
of  not  to  e.xcecd  HHintijyiH).  At  the  time  of  this  agreement  the  money 
realized  from  the  sale  of  $70S.(Mi(l  worth  of  the  ^1.2UO.IM)0  in  bonds 
voted  hud  been  spent.  Owinjf  to  the  dilliculty  of  <lisposiny  of  the 
bonds,  due  to  the  pendin^j  litijjation  over  them,  Wayniire  was  niuible 
to  carry  out  tiis  uji'reement  within  the  time  limit.  In  fact,  the  |)rinci- 
piil  part  of  the  work  under  the  contract  was  done  from  ISH?  to  iHOl. 

On  July  18,  1S87,  six  weeks  after  the  formation  of  Turiock  irriga- 
tion distT-ict,  Modesto  irrigation  district  was  organizeil.  Tiiree  months 
later  Mr.  C  K.  (irunsky,  (_'.  K..  the  engineer  of  ihe  district,  sultTuit- 
ted  three  canal  routes,  one  with  'i'uolunme  Riveras  the  souice  of 
supply  and  a  canal  »)n  the  north  side  of  (hi-  river;  one  with  Stanishins 
Riveras  the  source  of  supjily;  and  one  with  'i'uoluuuie  River  as  the 
source  of  supply  and  a  canal  as  fai-  as  Hickman  on  the  soiith  side  of 
the  Tuolumne  jointly  with  Torlock  irrigalion  district,  the  Minlesto 
district's  share  of  the  water  to  be  i>tped  to  the  nortli  side  of  the  river 
from  Hickman.  A  fourth  plan  submitted  provided  for  part  of  the 
supply  t(»  be  taken  from  the  ."Stanislaus  and  ]»art  piped  across  the 
Tuolumne  from  a  joint  canal  oul  <*f  tin'  Tuoiunuie  carried  on  the  south 
side  of  that  stream  as  far  a^  Hiikmnn.  The  plan  tirst  adopted  was  the 
one  having  the  Staiuslaus  as  the  soun-e  of  supply,  the  estimated  cost 
I»eing  <i>t>44,75(>.  The  plan  ha\  ing  tiie  Tuolnnjue  as  the  source  of  sup- 
ply, with  the  ciuiul  wholly  on  the  north  side  of  the  river,  and  estimated 
to  cost  <^l,117.N<io,  fouiui  little  favor  at  tii'st.  and  the  ino<1ification  of 
this  plan,  sul>mitted  by  .Mr.  Luther  Wagoner,  under  which  the  canal 
wa*  finally  built,  was  not  chosen  until  August,  1.S90.  In  November. 
1SS7.  shortly  after  the  formation  of  the  district,  ifsiMi.OOo  was  estimated 
as  the  amount  of  moni'V  necessary  for  the  works  of  tiie  district, 
ttiid  this  amount  wa.s  voted  in  December,  1887.  As  the  final  canal 
route  was  not  decided  on  until  l.siMi,  eou'^truction  work  was  delayed 
and  the  first  contracts  were  not  let  until  the  last  of  that  year.  By 
July  1,  1896,  the  joint  diverting  dam.  the  headworks.  the  flumes 
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the  upper  I*.""""  feet,  and  all  the  earthwork  duwn  to  the  east  line  of 
the  di!>trir-t.  a  dUtance  of  a^Htut  'I'l  miles,  had  lieeo  completed  and 
accepted.  At  this  time  the  tirst  ^v* '.•""'  worth  of  bonds  voted  was 
jrone.  and  although  an  additinnal  *:'..'•< •.««'<•  wa.-  voted  in  Julr.  1S95, 
none  couI<l  Ite  sold  and  (•on>tructi<in  work  lapsed  until  19i>2.  In  Julr, 
r.ir2.  contracts  wen?  let  for  complotinjr  the  works,  and  the  construction 
called  for  by  them  wa>  acceptetl  <  Vtn»>er  tJ.  l*.«<':i.  The  system  pur- 
chased at  a  total  cost  of  over  *1.'J5i'.<n.«i  wa>.  after  sixteen  years  of 
trying  vicissitudes,  finally  i-eady  to  receive  water. 

UnOATION. 

Both  TurliH'k  and  Mixlesto  distrirts  were  in  litigation  almost  from 
their  organization  down  to  l!*i>l.  The  principal  .suits  involved  the 
constitutionality  of  the  Wright  law  and  the  valitlity  of  the  dbtrict 
Itonds.  In  a  decision  in  the  suit  of  Turl<.K-k  Irrigation  District  »*. 
Williams,  delivered  May  31.  ls.S>.  anil  in  nuuu-ixnis  other  suits  the 
supreme  court  of  California  upheld  the  law.  Itut  it  was  not  until 
November  10.  1><1>»).  when  the  I'nited  .*^tat«'>  ."Supreme  Court  decided 
the  ca.se  of  Fallbrot>k  Irrigation  I>istrict  -•.  Bnulley  ot  al..  already 
referred  to.  that  a  final  ruling  was  reai-hinl  v>n  this  jwint.  The  regu- 
larity of  the  pr<H"eedings  of  the  district*,  principally  in  reference  to  the 
issuance  of  bonds,  was  at  stake  in  many  suits.  esi)ecially  those  involv- 
ing the  sale  of  land  for  delinquent  taxes,  but  no  decision  was  given 
establishing  material  defects  in  the  proi-eedings.  The  last  im])ortant 
suit  of  this  nature,  brought  ostensibly  to  test  the  legsility  of  wrtain 
district  assessments  levieti  to  pay  interest  on  Ixinds.  was  the  cast*  of 
Baldwin  et  al.  r.  The  Board  of  I)in'ctors  of  TiirKM-k  Irrigtttion  Dis- 
trict et  al..  decided  .'^eptemlHM- ;i.  IIH'I.  Although  all  lK)nds  in  Inith 
districts  were  nominally  awanled  to  the  highest  bidders  after  due 
advertisement  according  to  law.  the  actual  sale  of  a  lai-ge  pirt  of  them 
was  otfected  through  the  contnutors.  the  contracts  l)eing  let  with 
the  iiMilcrstanding  that  the  contractors  should  either  accept  lK)nds 
for  work  or  find  a  market  for  them.  .\s  the  law  pix)vided  that  bonds 
should  not  1h»  cxchaiigeil  for  work,  the  method  of  disiH>sing  of  them 
adojited  by  the  districts  furnished  ground  for  attack  by  those  opposed 
to  the  district,  but  in  the  alwve-mentioned  case  the  court  found  not 
.only  that  there  was  no  material  irivgularity  in  the  issuance  of  the 
bon<ls.  but  that  those  in  iK)sscssion  of  them  at  the  time  of  the  decision 
had  come  intt)  possession  without  any  knowledge  of  the  alleged 
irregularity,  and  that  therefore  the  Ixinds  were  valid.  This  .suit  is 
interesting  as  being  the  one  that  finally  demon.strated  to  the  people 
of  Turlock  irrigation  district  in  clear  terms  their  obligation  to  the 
bondlu)lders. 

The  trying  financial  diHi(>ulties  of  Turlock  and  Modesto  districts, 
which  .leriouslv  menaced  their  exi.stence  for  the  first  fourteen  vears 
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after  their  nrjraiiizatioii,  fiirnisli  in  tticir  own  wiiy  iiir  oxatnplc  of  what 
has  had  to  ho  overcome  in  lejjitiiiuite  irriu^iition  orjjanization.  After 
the  lapse  of  seventeen  years  there  is  not  apparent  any  {jlarinjj  unwis- 
dom in  the  orjjanizutioti  and  itianajiement  of  those  districts  durin^r  the 
{>eriod  of  eonstriictiun.  A  critieisin  lliat  some  have  urjjed  ajjainst  the 
manafjenicnt  is  that  many  of  tlio  contmctw  were  let  at  too  high  a  tigiirc, 
yet  it  is  a  fact  that  some  of  tlie  larirost  liolders  of  contniets  lost  heavily, 
iHH-auso  thi'V  wore  cliartfed  witli  the  neoessity  and  the  respoiisihiiity  of 
selling  district  bonds  on  a  market  that  would  not  receive  them  at  a 
protitahle  rt^rure."  It  is  true  that  <iffi<Mal  records  have  not  in  every 
case  l)eon  Ivept  with  t\w  acciiracy  aii<i  precision  contemplated  hy  law. 
yet  districts  to  be  organized  in  the  future  are  to  be  warned  against 
duplicating  those  omissions  more  than  Modesto  and  Tiirhick  dislriets 
are  to  be  condemned  for  them.  There  never  was  a  time  when  the  real 
property  of  the  districts  was  not  worth  far  more  than  the  amount  of 
their  bonded  indebtedness,  yet  for  four  years  in  Tiirloek  district  and 
for  seven  yours  in  Modesto  district  the  work  of  construction  was  sus- 
pended because  the  bonds  of  the  districts  could  not  be  sold.  If  the 
peojile  of  these  districts  hud  fori-sei-n  the  linaiu-ial  stress  of  tin*  earlv 
nineties  and  the  flood  of  general  litigution  over  the  Wright  law  that 
was  to  be  precipitated  from  causes  largely,  if  not  wholly,  outside  of 
Mtnlesto  and  Turlni-k  district.s.  they  undoubtedly  would  not  have  made 
the  almost  fatjil  mistake  of  organizing  in  the  face  of  the  opposition 
that  was  both  extensive  and  bitter  from  tlie  start.  That  they  were 
able  to  overcome  dilKculties  in  spite  of  mistakes  was  due  to  tlie  groat 
latent  resources  of  the  territory  the  districts  comprised,  Imh-uusc  it 
was  inevitjible  that  so  favored  an  area  should  be  put  to  a  liigher  and 
more  economical  use  than  dry  farming  could  ever  nnike  pi)ssil)le. 

The  districts  aie  to-day,  without  doubt,  linancially  sound,  and 
although  their  securities  are  not  active  they  are  either  already  worth 
par  or  give  pronii-ie  of  soon  becoming  so.  Hetween  35  and  4i)  per 
cent  of  all  of  the  liouds  issued  thus  far  in  the  districts  are  held  by  the 
owners  of  real  property  or  by  residents  in  one  or  the  other  of  the  dis- 
trii'ts.  On  March  1,  IHO-t,  the  total  mitstanding  indebtedness  of 
Modesto  district  was  $1.8,s.S,.'.ll,  or  sj^lT.ln  for  each  of  the  Si, 1-13  acres 
in  the  district.  Substantially  onerfourtli  of  the  district  taxes  are  jmid 
in  the  city  of  Modesto,  leaving  an  average  indebtedness  for  the  farm- 
ing land  of  approximately  ^I'l  |)er  acre.  (.)n  May  1,  i!»M-|.,  the  totiil 
indebtedness  of  Turlock  district  wits  $L,130,-M)0,  or  an  average  of  li><5.41 

"  During  the  dark  days  of  ttie  district*  the  lx>nil8  were  down  to  45  with  practically 
iKi  Bales  8t  that  ll){tire.  l'n|iaid  interest  i"onj)ont<  of  Mmlej'to  district  were  tieekinf; 
buyers  atUOiK-rcent  o(  tlieir  faiv  value  and  wilhmit  litidinK  them  until  alx^mt  six 
tnnnlh?  iH'fore  llie  at;re<Mneiil  wiif  renehi'd  witli  llie  lxjiii|ln(klen'  liy  wliieli  the  orig- 
inal lx>nda  were  funde<l.  At  thix  time  many  of  these  unpaid  eon|)ons  were  lHtU(;lit 
ii|i  l>y  delinquent  taxpayers  and  lumexl  over  to  the  distriet  in  settlement  of  delin- 
quent tMxea. 
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fur  Ciifli  iif  the  I7ti,:il()  iirrcs  in  tlip  distrii-t.  On  SciitemluT  In  of  t!i»< 
sttiiif  vfiir  $i!LM>,ooo  uf  mlilitiutial  bonds  wa.-*  voted  for  iiiiikiiijif  penim- 
iieiit  itiiprovenifnts  in  tlie  canal  system,  of  wliieh  $75.(h«i  wortli  have 
Ih'Cii  sold  Hi  jKir,  t'litiri'ly  to  pcc^ple  within  the  distrirt,  iiirn'n>iiiij'  tiic 
avcrajjc  iiidcbtcdricss  \wv  uvrc  only  iihout  4o  centn.  The  [iiitumi  assi'sis- 
lucnts  ill  tH>th  districtii  have  varied  with  the  asseswmeiit  rolls.  In  HHU 
the  as.sessfd  vidimtiou  of  M<>di"^ti>  distiirt  was  Sl,;^4:i.r2ri  ;itid  l!ic  tax 
levy  §2.t>U  for  each  $itH),  df  wliifh  $1.5u  was  for  bond  interest  anil 
$1.05  for  eotiistruction,  niaiiitenance,  and  operation.  This  required  a 
tux  of  appi'oxiiiiatcly  !?!  |mm'  ut-ro  on  the  fai'inin^j  land.  In  Tiirioek 
distriet  the  assessment  roll  j^ve  a  total  of  s^^.WHS.oSb,  and  the  tax  le\y 
was  $3.3U  for  each  lf«HHi,  of  which  li>2.:20  wa«  for  bond  interest  and 
$1.  in  was  for  niainteimnee  and  o[n'ration.  This  refjnired  a  tax  aver- 
atjiiiy  !^>..'jti  per  aere  on  tlie  land   in  the  district. 

WATER   aiGHTS. 

Modesto  and  Turloek  distriets  Itnse  their  riirhts  to  water  from  Tuol- 
umne River  on  (1)  deeds  from  M.  A.  Wheaton,  dated  August  11,  IsiMj, 
and  Auj^nst  15,  18110,  conveying  to  Modesto  distriet,  and  to  Modesto 
and  Tnrl(K'k  districts  jointly,  eertniii  land  and  water  ri<;-lits  incident  to 
the  old  \Vhe«toti  dani  atid  ditch;  (•ij  notices  of  appioprialion  posted, 
respectively,  by  Modesto  and  Turlock  districts  on  June  21,  ISDO,  and 
on  danuary  5,  IS.SH,  and  elaiitnn^'-,  respectively,  25(1,1(00  and  225,1)00 
miner's  inches  measuied  under  u  4-inch  pi'essiire,  and  (3)  the  diversion 
and  use  of  water  since  the  buildinjj  of  the  two  canals.  Also,  it  is  prob- 
able that  shouhl  any  litijjation  arise  over  theii'  water  rights,  the  dis- 
tricts wtudd  iilli'ge  ri[wir-ian  proprietorslup  and  riparian  lights.  The 
deeds  fi'om  Wheaton  did  not  convey  any  detinite  amount  of  water.  Imt 
"  the  first  and  oi-iginal  water  right  under  which  water  was  lirst  diverted 
from  the  sail!  Tuolumne  River"  by  means  of  the  okl  Wheaton  dam, 
which  was  located  on  the  site  of  the  pi'esent  joint  dam.  and  "all  water 
and  water  rights,  if  any,  lie  has  upon  or  apptirlctiaiit  to"  certain  lands 
at  the  site  of  the  old  Whealoti  dam.  The  original  tiling,  under  which 
Wheaton  claimed,  was  (hat  of  the  Franklin  Water  Company,  organized 
No\i-tnber  30,  1S54.  On  December  0,  1854.  the  French  Bar  Water 
Company  was  organized,  also  to  di\ert  water  from  the  Tuoluume. 
Novemlwr  27,  1855,  the  Stanislaus  Water  Company  organized  and  sue- 
ceedetl  to  the  rights  of  the  Franklin  Watei-  Company  and  of  the  French 
Har  Water  Company,  and  on  May  2s,  IS(J2,  these  "rights"  came  iivto 
possession  of  one  Fllam  Dye,  vvbo  shared  their  ownership  with  two 
partners,  John  Bixby  and  Jolm  Reedy,  the  last  named  getting  full 
possession  by  dee<ls  of  March  27,  iMf.T,  ami  ]\lay  7,  isiis.  September 
6  and  Ki,  1S70,  Kecdy  deeded  the  property  to  Michael  Kelly,  who 
posted  a  new  notice  of  appropriation  May  1.  ls7l,  and,  June  20,  l.s71. 
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needed  his  ''entire  rij^ht.  titli-.  iiml  itilerest  in  tlie 'riiolmtiiic 
aiid  all  it.-i  privileycH  of  water  iiiiJ  otherwise""  to  J.  M.  Thompson, 
Charles  Elliott,  and  M.  A.  Wheaton.  By  various  deeds  of  Auffust  26, 
ISiTI,  Noven]t)er  S.  isjl.  July  ;^0,  1M72,  Jiiiiiuirv  '27.  1(^73,  anil  Decem- 
ber •ii.  iS~'.-,,  the  jirojierty  ciime  iiilt)  the  full  |)<>ssi'sston  of  Wheaton, 
inehidiny  uny  rij^hts  thsit  tniiy  hin'c  hei-n  !ic<|nirecl  hy  Whetiton  and 
others  throiifi'h  :t  notice  of  iippropriatiori  of  riMti^oiio  miner's  iiiehi*.'* 
under  ii  -l-iiieh  jjressure  jxjsted  Muy  is,  l.STii.  The  notices  of  uppro- 
priation  tiled  -June  21,  18W0,  and  January  5,  18H9,  hy  .Modesto  and  Tur- 
loek  districts,  respectively,  were  in  th(>  nsiml  form  and  wore  the  lii>t 
of  a  imniber  of  such  notices  posted  prior  to  these  dates  and  after  t\n^ 
distriet8  were  orj^anized  in  1887. 

The  extent  of  ithe  use  of  water  since  the  eonstniction  of  tiie  lanid.-- 
is  shown  elsewlK-re  in  this  report.  This  use  and  ihe  alnlity  of  the  dis- 
tricts to  divert  and  henelicially  apply  water  in  the  future  are  probably 
the  chief  measures  of  the  riyht^  as  they  exist  to-day.  Neither  district 
will  ever  1m?  able  to  either  divert  or  beneticially  use  the  full  volumes 
called  f<»r  in  tlnir  appropriation  tilings.  Modesto  district  claimed 
2.50. (Milt  miner's  inches  measured  under  a  4-inc!i  pressure,  or  ,5.()0(t 
<'ubic  feet  pel'  second,  and  Turluck  district  claimed  L'2ri,t.io()  miner's 
inches  measured  under  a  4-inch  pressure,  or  4,500  cubii-  feet  per  sec- 
ond. -Vs  planned  Modesto  cuiial  was  calculated  to  carry  (140  cubic 
feet  per  secontl  and  Turlock  canal  1,.J0(»  culiic  feel  per  second,  but  up 
to  the  end  of  the  season  of  19(>4  the  nmxinnun  diversion  by  the  former 
wa.s  27s  cubic  feet  |>er  second  and  by  the  latter  5;-{.")  cubic  feet  pi'r 
second.  However,  both  canals  are  now  bein<;  enlarged,  and  further 
enlargements  will  doubtless  be  maile  as  the  area  ready  to  receive  water 
in  the  districts  is  increased.  Whether.  din'in<;  the  years  construction 
was  suspended,  the  districts  used  ilue  dili^jence  in  carrying  out  tlie 
purpose  stated  in  their  appropriation  lilintr,  will  never  assume  any 
imjxu'tjmce,  because  no  adverse  claims  to  the  Tuolmune  arose  durinj; 
that  lime.  Witliout  doubt  the  projier  diligence  has  t>eeu  exercised 
since  li'ol  and  will  be  in  the  future.  The  only  adverse  claim  that  has 
arisen  since  l;»ol  is  ihat  of  the  Merced  (Jolil  Mining  (V)mpnny.  which 
owns  a  small  dilch  in  the  mountains  near  Hamilton  Station,  built  some 
twenty  years  ago,  but  alxandoned  and  used  again  only  during  the  last 
few  veal's.  Octoljer  <i,  ISXi?,,  an  injunction  suit  against  this  ditch  was 
tile<l  by  Modesto  district  in  the  superior  court  of  Tuolumne  County, 
hut  this  was  intended  chiefly  to  forestall  the  possible  acquirement  of 
a  prescriptive  right  and  has  not  been  jiressed. 

Assuming  that  so  far  as  concerns  the  public  the  districts  have  a  clear 
title  to  so  much  water  as  they  will  be  alile  to  Ijeneticiully  apply,  the 
relative  rights  of  the  two  districts  Hre  presumably  fixed  by  an  agree- 
ment entered  into  by  the  districts  August  It,  ISHO,  provitling  for  the 
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construrtittn  nf   the  joint   (Ititii  (it  Lngi-.inift>.     Tlie   portions  of  this 
contnict  I'l'latinij  to  watiT  rij^lits  iire  givori  lieiiMvith; 

All  water  divertMl  by  ineani;  of  said  dam  shall  !«•  diviiled  and  ilimtributed  Irietween 
gai<l  (listricf!«  in  priiportioii  to  tin-  number  of  acres  in  tin*  rfciiectivi*  ilistricts. 

It  if  tiirtlKT  inuUTHtood  and  a^jrei-d  that  in  caw  eitlitT  di.'*trirt  xUuU  noiinireany 
additional  \VHt*'r  rijrht-',  privilffws,  or  ri>!lils  in  stnrpil  wutt^r  alvove  t^iil  datu,  the 
other  distriot  shall  havf  the  privilege  of  uliaring  in  mich  property  by  paying  therefor 
within  sixty  tlayti  after  written  noliee  of  the  intention  tn  pnreha«e,  or  the  acquisition 
of  such  property,  its  [yroportional  |>art  of  the  cost  and  exiHMiwe  thereof,  said  cost  and 
the  water  so  actjnired  to  be  divided  in  proportion  to  the  nunit)er  of  ai-res  enibrarefl 
in  the  ree|>ective  ilistricts. 

As  the  area  of  M«>d<'.sto  district  (SI, 143  acres)  is  roughly  otu^-lialf 
that  of  Turluclc  district  (lTt),i!lii  acres)  the  water  is  at  present  dividmi 
IjctAveeii  thoiu  at  the  rate  of  -2  ciihie  fwt  per  second  to  Turlock  district 
for  e-ach  cubic  foot  per  sccoud  diverted  by  Modesto  district.  Wlieti 
the  districts  hecouie  more  fully  developed  au  etfort  will  probably  be 
made  to  carry  out  tlie  exact  terms  of  the  contract. 

There  is  one  ditch  o?i  Tuolumne  Uiver — that  of  the  Lajrrang'e  ditcli 
and  Hydraulic  Mining  Company — holding  au  earlier  water  rigid  than 
either  Modesto  or  Turl(K-k  canals.  This  ditch  heads  in  the  cniiyon 
some  10  miles  alxjve  Lagrange  dam  and  follows  the  south  bank  of  the 
Tin»luiiuie  to  the  vicinity  of  Lagrange  dam,  where  it  makes  a  detour  to 
the  south  and  west,  supplying  water  to  the  town  of  Lagrange  and  to 
mining  properties  held  by  its  owners.  This  ditch  has  n  claimed 
capacity  of  KX)  cubic  feet  per  second,  but  it  has  carried  under  50  cubic 
feet  per  second,  when  in  operation,  during  the  past  few  years. 


MODESTO  AND  TURLOCK  CANALS. 


J 


The  diverting  works  and  canals  of  Modesto  and  Tnrlock  districts 

are  of  modern  type  and  for  the  most  [lart  substantially  constructed. 
Lagrange  dam,  by  which  water  is  di\erted  into  both  canals,  is 
recognized  liy  engineers  as  a  well-designed  and  well-lmilt  structure, 
ami  at  tin'  tinu'  of  its  completimi,  December,  IS!*;^,  had  the  distinction 
of  being  the  highest  ovcrtlow  darti  in  the  L'nited  States.  It  is  biult 
of  uncoursed  nibble  ma.sonry  laid  in  cement  concrete,  cost  S550,Wn*, 
and  is  located  in  the  channel  of  Tuolumne  Kiver,  lA  miles  above  La- 
grange. 

Modesto  canal  leaves  the  Tuolumne  on  the  right  bank  of  the  river 
at  the  north  end  of  the  dam,  atnl  Turlock  cainil  heads  directly  opjx)- 
sitc,  just  alx>ve  the  south  end,  for  tin'  tirst  tjno  tect  tunneling  through 
.solid  ro<'k.  Fav  the  first  .t  mih's  both  canals  jmss  through  rough 
foothill  country.  wher»'  heavy  construction  was  encountered,  and 
after  that  follow  the  opi-n  foothills  until  the  main  plain  of  San 
Joaquin  Valley  is  reached,  15  miles  west  of  Lagrange.  Below  thi.s, 
and  for  the  rest  of  their  lengths,  lioth  canals  aufl  their  branches  or 
laterals   follow  the  more  even  slopes  of  the   valley,   in  some  casen 


U   S  Dopl.  o<  Agi.,  Bui    IS8.  OMica  of  E>pl  Sl>t<or.>.     Itng.  •nd  Drain.  Invert. 


Plate  II. 
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Fig.  1.— a  15-Foot  Concrete  Drop  on  Modesto  Canal. 
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Fio.  2.— Section  of  Tuhlock  Canal,  Showing  Concrete  Lining  of  Lower  Wall. 
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aeiMrtinir  Uiit  little  if  any  from  the  gontriil  section  lines.  Modesto 
cainil  enters  Modesto  district  .H  miles  west  of  Wiiterford  unci  20  miles 
west  of  Laprange  dam.  Below  tliis  iK)int  it  follows  a  general  north- 
westerly dircetion,  the  laterals,  eifrlit  in  all.  Icadinjj  to  the  west  and 
eovcrinj^  the  various  parts  of  the  district.  Tiirloek  canal  enters  Tiir- 
lock  district  4  miles  eaat  of  Hickman,  a  small  town  on  the  south  side 
of  tht'  Tuolumne,  1^  miles  south  of  Waterford.  One  mile  southwest 
of  Hickman  it  branches  intoTurloek  main.whieh  runs  south  to  within 
5  miles  of  Merced  River,  and  feeds  laterals  2,  3,  4,  5,  6,  and  7,  and 
C-eres  main,  which  continues  west  to  within  l^  miles  of  C'ere^,  where 
it  turns  south,  cr«).ssing  lateral  "J  and  extendini;  to  lateral  •i.  Modesto 
canal  has  a  length  of  45  miles  and  the  eight  laterals  an  aggregate 
length  of  81  miles.  The  up]>ei'  portion  of  the  niiiin  canal  vari<'s  in 
width  from  IS  to  44  feet  and  in  grade  from  1  foot  in  5,oi)(»  feet,  where 
the  bottom  width  is  44  feet,  to  74  feet  and  !♦  feet  in  6,000,  where  the 
bottom  width  is  IS  feet.  The  laterals  are  12  and  14  feet  wide  and  1.8 
feet  deep,  and  vary  in  grade  from  l.s  feet  to  H  feet  in  a.titio,  according 
to  the  width.  Tiirlock  canal,  from  Lagnmge  dam  tu  the  divisi<)n 
helow  Hickman,  has  ii  length  of  riS  miles.  The  length  of  Turlock 
main  is  11  uules  aiul  of  Ceres  main  14  miles.  The  aggregate  length 
of  the  eight  iatcraU  is  85  niile.s.  Aliove  the  division  point  below 
Hickman  the  main  <-anal  varies  in  bottom  width  from  2t)  feet  n<'ar  the 
head  to  70  feet  through  the  lower  foothill  region  and  the  plains.  The 
grade  varies  from  1  foot  to  K  or  it  feet  per  mile.  The  two  main 
branches  l>eIow  Hickman  are  from  .^0  to  40  feet  wide,  and  vary  in 
grade  from  l..")N  feettoS. Ifi  feet  per  mite.  The  latenils  begin  with 
bottom  width.s  of  20  feet  and  diminish  to  12  feet,  and  the  grades  aver- 
age "2.0  feet  per  mile. 

The  linuncial  difficulties  encountered  by  Modesto  and  Turlock  dis- 
tricts during  the  periods  of  construction  comitelled  in  some  cases  the 
use  of  tempornry  structures.  It  is  the  policy  of  the  distrifts  to  replace 
these  from  time  to  time  by  permanent  works,  so  that  interruptions  in 
the  canal  Uttw  and  e.xpenses  of  maintenance  sliall  be  reduced  to  a  mini- 
mum. This  installation  of  ]jermanent  structures  has  already  begun  in 
both  districts.  Hoth  canals  have  a  large  number  of  timl>er  drops 
and  al.so  considerable  lengths  of  wooden  flumes — 8,932  linear  feet  in 
13  structures  on  Mcxlesto  canal,  and  2. SOD  linear  feet  in  '>  structures 
on  Turlock  canal.  Modesto  district  has  already  installed  two  coruvrete 
drops  instead  of  tiriilier  structures  (PI.  JI,  tig.  1)  and  is  preparing  to 
replace  in  the  next  few  years  2.!»50  feet  of  wooden  flume,  beginning 
at  the  regulating  gate,  near  l^iigrange  dam,  with  an  all  concrete  chan- 
nel. About  4,(rt)0  feet  of  the  channel  has  already  boon  lined  wholly 
or  in  part  with  concrete,  and  a  substantial  concrete  conduit  60  feet 
long  and  4U  feet  wide  hits  been  placed  over  Litts  Creek,  a  small  straun 
well  down  in  the  district.     All  of  the  flume  work  on  Modesto  canal 
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lii'low  tlio  ii. !•.■)•'  feet  lit  th<'  lii'ad  is  siiliNtuiitiiilly  Imilt  niii!  will  lust  for 
uuuiy  ywirs.     It  is  su|)[Hirtcil  diictly  liy  slaiHlurd  rsiilnmii  ln-iits  I'est- 


-that 


Dr 


ing  on  concrete  piers.  The  lonu;est  of  thebifjli  flumes- 
Creek,  whicli  etintuiris  l,0(i(i  lineiir  feet — I'ests  |mrtly  on  a  steel  sjxui. 
Lonir  stretches  in  the  iippi'r  :i  miles  of  Imth  Mmicsto  mnl  'I'lirlock 
canals  were  uri^lniilly  built  with  the  lower  wall  of  clay  puddle  Itetwecii 
hand-liiid  sliite-raek  wiills.  'riic^ii'  di<l  nut  prove  satisfdetory,  owiny 
t(j  (lie  ili'i'oMijHJsitioii  of  the  slat<'  roek,  ami  it  has  hceii  neeessury  to 
line  these  sections  with  t-oDcrete.  The  concrete  liiiinjf  on  Modesto 
ouiial.  already  tnrationed,  was  larjrely  huilt  to  rejiliice  such  a  wall. 
Tuiloek  distriet  has  lined  (he  outside  wall  of  its  canal  in  (his  way  for 
the  first -t.WOO  feet  of  its  length  (I'l.  II,  lijr.  '2).  Ft  now  eontcinpliites 
oven  more  eostiy  permanent  imjiroxctnents  hy  replacini.'-  Moo  feet  of 
high  wuo<letr  Hume  over  Moriran  (ndeh,  one-luiU'  mile  helow  Lagranore 
dam,  t>y  ttiiee  lines  of  (i-foot  inverted  steel  siph(jn,  .solidly  emlH>dde.d 
at  each  en<l  in  ctnu-rete  miisonrv,  or  l)y  a  flume  carried  on  a  steel  span. 
It  is  now  replacing  I,."i4n  feet  of  trouldesonu'  low  wooden  thiuie 
through  Snake  Ravine.  1  mile  below  Lagrjtngc  rlafti,  by  a  canal  section 
shelved  into  the  sidehilt,  with  u  conci'ete  retaining  wall  on  the  lower 
side.  The  cost  of  these  two  improvements  will  :ki)pro\imate  ^47, nun. 
Improvernents  costing  i!>ll,(KKI  are  also  Iteing  made  in  a  high  vvoyden 
flume  across  Deianey  (Inleh,  .">  miles  below  Lagrange  dam.  The 
inverted  steel  sijihons  across  Morgan  (iiilch  will  bean  innovation  iji 
these  districts,  atid  if  (hey  are  adopted  and  pro\e  satisfactory  several 
of  the  other  ra\ines  in  the  systenj  will  be  crossed  in  the  same  way. 
The  plans  for  these  structures,  designed  by  Mr.  S.  Fortier,  C".  E., 
provide  for  ti\'e  lines  of  pipe,  having  a  total  capacity  t»f  l,5iK)  cubic 
feet  per  second,  but  otdy  three  lines  will  be  installed  at  the  start, 
these  thi-ec  lines  to  cost  )Si:il,tHKi, 

The  diverting  and  ivgidating  works  of  both  Modesto  and  Turlock 
<!istriets  are  tlionaighly  well  built,  andai'cof  a  peruianent  eharacter. 
Lagrange  dam,  already  mentioned,  was  desigm-d  i»rincipally  by  Mr. 
Luther  Wagoner,  ('.  K. .  at  one  time  engineer  for  Moilesto  district, 
and  constructed  chiefly  under  the  supervision  of  Mr.  E.  H.  Barton, 
(.'.  E.,at  one  time  engineer  for  Turlock  district.  The  })rincipal  sli-nc- 
tures  on  Modesto  canal,  including  head  gates,  sluice  gate^,  regulating 
gates,  flumes,  and  drops,  were  designed  by  Mr.  Ot(o  von  (icldern, 
C'.  E.,and  installed  under  the  direction  of  Mr.  .Milo  lloadley  ami  Mr. 
H.  S.  Crowe.  The  latter,  at  present  engineer  and  superintendent  of 
the  district,  also  laid  out  and  constructed  the  main  eanjd  an<l  its 
branches  within  the  tlistrict.  In  addition  tt>  Mr.  E.  II.  Htirton, 
engineer  for  Turlock  district  during  the  construction  of  Lagrange 
dam.  those  principally  in  charge  of  designing  and  constructing  Tui'- 
loek  canal  and  regidating  works  were  Mr.  George  Manuel,  C.  E.,  and 
Mr.  H.  11.  Goodwin,  C.  E. 
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Tui'loek  caiuil  wii.--  ofijjiimlly  plimticd  tn  ciirrv  1,.')(M)  ciiltic  fiTt  per 
sect>ti<l.  mill  Motli'sto  ciiiittl  wus  i>liiinif(l  to  ciirvy  »J4tl  ciiliic  fwt  per 
second.  Tlie  liirfrest  miiount  yvt  itiriied  by  tlie  fonnor  is  r>35  cubic 
feet  per  si>i-<m<l,  cnrricri  in  lini4.  niid  by  the  lattor  'iTS  ciihio  feet  per 
second,  also  niii  in  l!H(-t.  Thr  iiiipniNcnit-nts  now  contrniplatcd  or 
\mng  ma(ie  in  Tiirlock  ctinal  will  increase  its  capacity  in  the  improved 
sections  to  yoo  cubic  fcot  ]wv  sfconcl  -1, ')(»(»  cubic  feet  per  second 
throufjh  Snake  KHvine  — but  it  in  pnibable  tliiil  mil  more  than  tliiO 
<-ubic  feet  per  second  will  be  run  until  after  Peaslec  tlume,  now  cross- 
injj  Peaslee  (iidch  on  hij.'li  trestles,  if<  rejiliieed  by  a  new  flume  or 
inverted  steel  sipluuis.  The  latter  are  estiuiiiled  to  cost  ^;J4,r>0U,  if  u 
j-apacity  of  t>lM»  cubic  feet  per  second  is  provided,  or  $;i'.>.(KJO  if  a 
capacity  of  1,5(K)  cubic  feet  per  second  is  provifled.  This  improve- 
ment is  planned  for  UHC).  With  the  irnpi'()\«'tnents  now  in  progress 
completed,  Modesto  canal  is  exfWM'ted  to  curry  .'lOO  cubic  feet  per 
second. 

EAINFALL. 

No  records  of  precipitation  are  kept  in  Modesto  or  Turlock  districts 
by  the  Weather  Bureau  and  <'oiisc«iiu'ntly  no  complete  rainfall  data 
urc  available.  The  Soutliei'n  Pacific  Company  and  several  indiv  idnaU 
have  kept  recoi-ds  which,  although  fairly  complete,  ditfer  some  from 
ea«-h  otbei-.  One  of  the  most  complete  records  has  been  kept  i>\  the 
(ii-ange  Company  at  Modesto,  and  a  copy  of  this  from  l.SSV»  throujirh 
19t)4  is  in.serted  Iwdow.  The  average  aniuial  rainfall  is  seen  to  be  12.10 
in<'hes,  falling  [>rincipalty  from  t)eti>ber  to  April,  both  inclusive.  The 
precipitation  <lnriug  the  live  months  from  May  to  September  is  in  everv 
ca.se  small,  although  in  some  years  a  (piite  hea\y  fall  has  occurred  in 
one  of  these  montlis.  For  all  practii-al  pnrposes,  however,  the  prin- 
cipal growing  and  harvesting  season  is  largely  devi>id  of  precipitation, 
and  for  any  aniuial  crops  other  thai*  those  planted  in  the  fall  irrigation 
is  necesssiry. 

Antniiil  mill  ifioiUhly  raiufnil  nl  M'xlfiiti',  t'lil.,  I8H9-JH04. 
irurnlsbed  bjr  Uio  Grange  Compkny.j 
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.07 

•2.77 
.69 
.12 
.1.S 

S.9U 

4  4ri 

.89 
1  M 

1.78 

Ltl 

.23 

1.03 

2. -21 

».3!i 

.09 

1.68 

.78 

I.M 

31 

S.76 

.88 

.34 

.B.'i 

6.08 

2  46 

/ri. 
U.OO 
.00 
.00 
.04 

■% 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

In 
o.uo 

1.29 
.38 
.01 
.10 
.00 
.17 
.2ft 
.00 

.as 

.00 
.14 
.06 
.00 
.00 
2.57 

In. 
17.28 
10.93 
9.62 
14.11 
10.16 
17. 9« 
10.90 

1899 

13.  M 
10.  S6 
9.M 
13.27 

lafti 

IW)I 

l'«.'.. 

ISttl 

12. -24 
10.67 
9.44 
12.14 

\9H 

.W 

11.60 

J.  01 

Avtnufe 

1.75 

i.gs 

.as 

.M 

.08 

.01 

.sz 

.TV 

1.07 

2.  Ob 

12.10 

J 


lOS 


IRRIGATIOX    AND    DRAINAGE    INVESTIGATIONS,  1904. 


DIVERSIONS  FROM  TUOLUMNE  RIVER  IN  1904  BY  MODESTO  AND 

TURLOCK  CANALS. 

In  U><»4,  cx<-ppt  whon  rlosinl  for  repairs.  hoUi  Modesto  tind  Turlock 
eaniils  carried  water  from  Jammry  until  liite  in  the  fall,  Modesto 
canal  beinw  elosed  for  the  .season  Septenilier  30.  and  Turhx-k  eaiial 
nitininfi  until  Oetolier  "io.  For  the  :i74  dnys  from  .Paniuiry  1  to  .Sep- 
teuilier  'SO,  Modesto  eunal  earriod  a  mean  How  of  KiT  eubie  feet  per 
second;  for  the  275  days  from  .Jaiiuaiy  20  to  Oetolier  20  Turlock 
canal  diverted  u  mean  flow  of  3ti5.!t  enliie  feet  per  second.  The 
greatest  amount  carried  at  any  time  by  Modesto  canal  was  278  cubic 
feet  i>er  second,  and  the  greatest  amount  carried  at  any  time  by  Tiir- 
liiek  canal  was  535  eubie  feet  per  second.  The  tables  below  show  the 
amounts  diverted  each  day  of  the  .season,  and  also  the  mean  How  for 
each  month  in  each  canal,  the  records  having  been  taken  at  the  irri- 
gation and  drainage  investigations'  gauging  stations  near  (lie  dead 
gates."  Ill  computing  the  average  monthly  flow  the  full  number  of 
days  in  the  month  wa.s  used. 

Diivrnont  Jfom  Tuolumne  liiirr  liy  ModeMo  rtinal,  Jatmary  J  to  Stplemlter  SO,  1904. 


D«r. 

Jul. 

Feb. 

Mar. 

Apr. 

M»r. 

Jnne. 

July. 

Aug. 

Sept. 

1 

Cu.  A 
per  tee. 
178 
178 
176 
176 
176 
176 
170 
178 
178 
178 
178 
181 
178 
178 
178 
178 
178 
178 
178 
178 
176 
176 
176 
191 
194 
196 
194 
192 
162 
152 
162 

Ouft. 

per  tee. 
162 
162 
1.62 
162 
192 
194 
KM 
194 
191 
191 
191 
20O 
64 

:::::::; 

.!!-..'. 

6' 

11 
Ifi 
17 
17 
18 

CW.yi. 

per  tee. 

-22 

88 

82 

9S 

93 

93 

127 

1-27 

127 

82 

82 

116 

162 

152 

lee 

163 
162 

l(i6 
166 
Ifri 
ll» 
191 
191 
19! 
197 
180 
180 
66 
49 
191 
191 

(M.ft. 

per  tee. 
24 
152 
160 
160 
181 
170 

70 
160 
181 
191 
1»1 
181 
191 
IM 
166 
IHl 
160 
101 
ViO 
•202 

68 
116 
•218 
•223 
218 
212 
191 
130 
130 

CH.ft. 
per  tee. 
160 
166 
229 
•223 
■223 
223 
234 
234 
180 
170 
140 
170 
234 
234 
■234 
•231 
284 
234 
•229 
196 
92 
16 
67 
70 
110 
166 
207 
229 
234 
234 
234 

fM.ft. 

per  tee. 
218 
223 
2»4 
229 
234 
234 
•234 
146 
127 
207 
•246 
2S6 
261 
281 
•266 
266 
266 
•261 
•261 
'261 
261 
261 
281 
261 
281 
266 
286 
261 
266 
266 

at.  ft. 

per  tee. 
266 
281 
2«6 
266 
273 
278 
278 
26« 

■m 

266 
261 
206 
261 
236 
266 
281 
261 
266 
•266 
•261 
261 
261 
39 

■""ito' 

•146 
•238 
•234 
234 
•240 

CM. /I. 

per  tee. 
246 
261 
261 
246 
246 
240 
246 
246 
240 
•240 
240 
234 
223 
-202 
229 
261 
261 
261 
266 
240 
197 
181 
166 
146 
146 
146 
LV) 
148 
106 
135 

rjo 

C».ft. 

per  tee. 

106 

2 

» 

4 

101 
80 
80 

6 

80 

6 

72 

7 

72 

8 

60 

1 

67 

10 

63 

11. 

46 

12 

46 

13 

46 

14 

46 

te 

42 

M 

42 

17 

71 

18 

76 

1( 

72 

2P 

68 

21 

60 

22 

63 

23 

60 

24 

121 

26 

ISS 

26 

131 

27 

131 

28 

131 

29 

140 

80 

76 

81 

Avfrrafe 

178 

78 

138 

lU 

1«6 

242 

!B3 

308 

78 

I 


aRocords  from  January  1  tu  April  1  rumiihed  by  Mr.  8.  G.  Bennett,  bydrogmphcr,  I'.  S.  OeoloKlcal 
8ur^•ey. 
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Divernmn  Jrom  Tuoluiiiiu  liiixr  by  Turlock  caruxl,  January  80  to  October  HO,  1004. 


imr. 

Jan. 

Feb. 

Mm. 

Apr. 

M»y. 

June. 

July. 

Aur 

Sept 

OM. 

C».ft. 
per  tec. 

Cu.Jt. 

Ul 
288 
326 
225 
286 
286 
286 
286 
386 
286 
28U 
293 
SIS 
SS2 
273 
SON 
348 
348 
848 
348 
318 
»W 
348 
379 
308 
141 
191 
380 
380 

Vu./t. 

per  tec. 
380 
3M) 
880 
S88 
388 
388 
388 

77" 

218 
2ri 
93 

Cu.Jt. 

perter. 
348 
396 
412 
412 
412 
429 
412 
429 
446 
348 
446 
4.%4 
462 
462 
462 
4112 
462 
462 
396 
462 
462 
4«2 
462 
462 
478 
462 
47a 
4C2 
470 
470 

Cu.ft. 

permr. 
470 
462 
470 
478 
478 
4M 
478 
294 
420 
462 
486 
496 
496 

.■ioa 

819 

ai9 

619 
619 
619 
619 
611 
619 
oOS 
611 
611 
.■ill 
611 
611 
827 
319 
511 

(•u./l. 

per  tee. 
611 
603 
819 
6U 
619 
527 
527 
827 
536 

4au 



Cu.Jt. 
per  tee. 

312 
449 
497 
621 
tU6 
613 
606 
613 
813 
506 
473 
473 
489 
489 

per  tee. 
505 
409 
465 
465 
406 
466 
473 
473 
473 
473 
473 
473 
473 
401 
401 
393 
893 
473 
473 
471 
417 
S77 
SI2 
296 
288 
288 
264 
288 
288 
.112 
248 

Ch.JI. 

per  tee. 

248 

150 

183 

150 

167 

ISO 

136 

122 

122 

109 

97 

97 

97 

97 

91 

91 

116 

113 

143 

188 

136 

109 

109 

396 

4SS 

76 

441 

441 

441 

441 

per  tee. 
441 

441 

441 

441 

441 

441 

441 

441 

441 

10 

328 

11 

377 

12 

441 

1» 

441 

14 

441 

u".""""....... 

441 

le 

17   

426 

18 

19 

JO 

206 

205 

88 

83 

Rt 
83 
123 
238 
218 
238 
238 
228 

18S 

ai 

S2 

n 

St 

!!!!"!! 

15 
212 
877 
SSS 
497 
606 
821 
605 

w 

ao 

jj 

St 

M. ......... ........ 

JB... 

SI 



206 

i 

Avenge 

1(19 

2K9 

118 

441 

491 

189 

377 

4M 

186 

402 

Modesto  canal  tirst  carried  water  late  in  the  fall  of  1903.  Turlock 
canal  coiiiinenccd  niiiiiing  a  supply  for  irrijjatiou  in  1901,  tluriiijf 
Avhicli  soasou  un  avcniirc  of  siltout  'JUn  ciiliir  foet  per  second  was  run 
in  the  irrigntiiij;  months.  As  hiyh  as  4(J0  cidiic  feet  per  second  wiw 
carried  in  UXiii  and  a  soaiewhat  Uirtrcr  iiniouiit  was  run  in  U>n3. 

liecords  of  flow  uf  Tuolumne  River  at  Liiffraii},'?  have  lM»en  kept 
t«ince  189»)  fn-  the  United  States  (Jeolocrical  Survey,  and  from  tlie.se 
records  the  avenij^e  month ly  flow  has  hecn  i-omputwl  for  seven  years. 
These  averages,  and  the  records  from  which  they  were  computed,  are 
given  below:" 

Mean  moiUidyflow  uf  Tuotiuiwe  Riixr  at  Lugrange  /or  the  leren  yean,  1S96  to  I90i. 


Monih. 


Pebruao'  • 
Sl«n-h  .... 

P— 
Jbm 

Jnly 

Auinut 

Sepl^mber 
OcKiber , . . 
NovcmlRT 


1896. 


CH.Jt. 

per  trr. 

2,344 

1,196 

2,757 

3.564 

4,461 

7.724 

3.035 

617 

464 

162 

1,167 

1.118 


1897. 


Cu.Jl. 

per  tee. 

1.231 

6,172 

4,032 

7.735 

11,928 

5,673 

2,181 

237 

86 

223 

768 

1,1(M 


1898. 


Cu.fl. 

per  trr. 

478 

924 

1,248 

4,068 

4,644 

2.271 

SOI 

109 

44 

76 

OS 

280 


1899. 


Cu.Jt. 

pertra. 

611 

764 

3,630 

5,217 

4,637 

6,684 

1,046 

ZM 

76 

6S6 

2,463 

3,071 


1900. 


Ch.JI. 

per  tee. 

2,408 

1,053 

2,4'il 

2.403 

6,M3 

6,386 

826 

112 

49 

1,240 

2,546 

1,342 


1901. 


1902. 


ry../T. 

per  ue. 

3,361 

7,214 

3,730 

3,968 

8,M» 

9,394 

3,708 

7»4 

178 

211 

.874 

1,339 


Cu.Jl. 

pet  tee. 

382 

1.443 

2,290 

6.003 

6,669 

6.926 

1,403 

378 

n» 

113 

676 

809 


ATense. 


Cu.Jl. 

per  tee. 

1,626 

2,.tSH 

2,877 

4,664 

6,744 

6,294 

1,7M 

337 

140 

364 

1,178 

l.'iM 


«TheK  record!  Include  the  ■mounti  diverted  by  Turlock  »n«.l and  l«|rance  dlleli. 
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Tlic  tiililc  sliows  tliat  the  Iiirjrcst  flow  nf  the  riviT  oci-iirs  in  Apvil, 
Mhv,  iitid  .furie,  till'  nioiillis  when  the  larycst  sujijily  for  irriMjutioii  is 
nredt'd;  alwj  that  th<>  sujijily  i.s  very  wbort  in  August,  Sepfembcr,  and 
Oc  to  I  tor. 

Foe  tliv  tiiorc  ready  i-umparisoti  of  the  diver.><ions  l»y  Modesto  and 
Tiifloirk  fiiiiiils  in  1904  with  the  iKirinal  tiow  of  tlic  river  the  summary 
g'ivi'ii  Ih'Iiiw  lui'^  liocii  pn'i>!in>d.  'I'liis  sinninury  .-^liows  that  in  1H04, 
I'Xi'ept  ill  Aiij(ii.st,  Si'pti'iiil»'r.  and  OrtoUcr,  tlir  coinliini'd  divf r^ions 
by  the  two  rnnals  did  nul  upproiirli  t\u-  vivfv  fh>w,  nnd  that  frniii  .Jan- 
uary 1  to  Octohcr  ',i\  they  wvrv  l>ul  l."i.,s  per  rent  of  that  luiiomit. 
Tlic  (ipportiuiitics  for  storage  iut  tlitTeforc  litrifo.  Id  August  and 
Septcinher.  I!tu4.  tlif  river  was  raised  by  somewhat  unusimllv  early 
rains, and  tlie  diversions  dnrin}rlhosc  inotitlis  wi'rc  more  than  the  normal 
stream  th»\v— l>il.-l  per  cent  of  timt  normal  in  August  and  IfSlt  pereent 
of  it  in  Sept<^mber. 

CompariiKnt  of  Mai  (ili<emoii*  /mm  Tnolniimf  Ririr  in  IOO4  hy  Modetto  ntul  Turlrrk 
conali  \mtli  the  areragefiow  of  Tuolumue  Hirer  for  »eren  yean,  1896  to  1901. 


1                                               Muiilh. 

Mi'un  lli'U- 
■riiuliimiiL' 

Ili  ver. 
191)fi  lo  ISO!. 

Cnmbliieil 
tlowMiNle..4t4» 
UII1I  TiirliM-k 

I'AimlH  Jiiti. 

1  to  Oct.  20, 
IBM. 

Pi-rcfnuwe 
illvertwl 
by  i-analii. 

Aert-JtH. 

93.831 

HI,  117:1 

17li.'JtU 

271,.i77 

414,672 

374,. i  IB 

109.H17 

20.721 

K,3!U 

22,3«1 

70.UH6 

7»,fiG6 

Aen-fert. 
U.927 

■'i.'im 
I.s.  221 

36,rj3 

4i.«7y 

24. 4W 

as,  (181 

37,  M.5 
16,746 

i.\Bao 

Aere-fert. 
14  8 

March  .'. 

as 

April 

IS  2 

Mii\- , 

10  1 

.Iuii<?.................„ 

<i  & 

July 

31.9 

1K1.7 

189.0 

October 

71. S 

Ntivoinbcr 

Year 

1.7IM,I44 

267,640                  14  4 

If  tiie  flow  lo  October  31  only  i.s  eon.sidered,  lii.ii  [ler  cent  is  the- 
relation  of  diversions  to  the  diseharge  of  the  streaui. 

This  sununary  shows  (hat  in  1SH»4,  except  in  Aujjust.  Septeiuher.  and 
October,  (lie  eonibined  diversions  by  the  two  canals  did  not  approach 
tlie  river  llmv,  and  that  for  the  year  the  divernions  were  only  14.4 
per  cent  of  the  aiiKnuit  eiirrit'd  Ivy  the  river.  In  August  and  Septem- 
ber the  river  was  nii.sed  by  early  niins,  and  the  diversions  diirtiijfthe.se 
months  were  more  than  the  normal  stream  flow.  Water  failed  to  spill 
over  Laf.'niii;.''e  dam  only  from  Aiij^ust  1'2  to  September  :i4,  and  after 
the  latter  date  tliere  was  a  larye  surplu.s. 
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THE  WATEE  USED  IN  1904. 

On  October  22,  KH87.  in  recomniending  i-antil  routes  to  Modesto 
iri'ijfation  district.  Mr.  C".  K.  Grunsky.  C  K.,  ostimiitcd  timt  onoiifjh 
water  vviuild  lie  lu-ccssiiry  I'ucli  year  in  Mo<iost<>  distrii't  t<j  cover  tho 
land  in  the  (iistrict  to  an  average  depth  of  2  feet  and  h  inches.  In 
rcaehinff  tliis  i-oneliision  it  wa.-;  estiiimtod  that  the  irrigutiiij'-  duty  of  I 
eiibic  foot  of  water  per  .'secoml  uould  l»e  1*10  acres  from  Mun.-h  to 
June,  -HX*  acres  from  Julj  to  Septeniiier.  <i4i)  acres  from  October  to 
Deei'iiiber.  and  1.2Sn  acres  in  .lanuary  iiiid  Febniai-y.  Wliile  it  is 
uiidmibtedly  true  that  eventually  tlie  coverinjr  of  hind  in  .Nhxleslo  and 
Tiirlock  districts  to  a  deptli  of  2  feet  and  8  inches  each  year  will  be. 
ample  for  the  ordinary  crops  iimler  avenitfe  <'oniliti(nis,  U  is  interest- 
iiiij  to  compare  the  luiiount  of  wuter  used  in  i'.HH  with  Mr.  (irunsky's 
original  ligures.  To  be  able  to  determine  the  amounts  used  in  1904 
gauging  stalioris  were  maintained  ljy  the  irrigation  and  drainage  inves- 
tigations in  liotli  Modesto  and  Turluck  canals  short  distances  below 
Ijagiunge  dain;  idso  on  each  canal  near  its  entrance  into  the  districts 
2()  miles  l>elow,  anil  fiii  lateral  1  of  the  Modesto  canal  iind  hiferid  '.^  of 
Turlock  canal. 

The  amounts  of  water  diverted  by  each  canal  have  already  been 
given  in  tletad  (pp.  los.  Init).  Expressed  in  acre-feet,  by  months, 
these  amounts  are  repeated  in  the  summary  lielow.  It  will  be  noted 
that  Modesto  canal  diverted  a  little  more  than  one-half  as  much  as 
was  diverted  l)v  Turlock  canal. 


* 


TUal  nrul  nn/ntlily  ilirrminti.-  from   Tuohimite   Rirfr  nlmir    lM</rnnge   by  MwUiti)  and 
TtiHork  ciiiiaU /rum  Jiniimrij  1  lu  IMolifr  s?(),  1904. 


MonUi. 


.liuiimry  .. 
Februarv  . 
March.... 

April 

iUy 

Jane 


ModotD 
canal. 


Aere-frel. 
10,917 
4.  MO 
K.I66 
9,4m 
Il.4fi0 
14.419 


Turlock 
canal. 


Acrr-Jett. 
1.010 
16,f),'>I 

7,0^^ 
26.21H 
30.219 
10,  U» 


Month. 


July 

AUKUat 

September . 
OHubcr 


Staaon^ 


Modeato 
canal. 


Atrt-Jtfl. 
14,SUH 
13,«i!«  I 
4.6M 


W,7«& 


Tnrlocic 
canal. 


Arrt-ttti. 

•h,r& 

24,812 
11,007 
16,  SMI 


16«,«46 


From  Ijagrange  dam  bfith  canals — Mixlesto  on  the  north  bank  of 
the  Tuolumne  and  Turlock  on  the  south  bank — pass  through  some  'JO 
miles  of  more  or  less  rough  foothill  ct)untiy  before  reaching  the  land 
embraced  in  the  irrigation  districts.  While  the  diversions  from  the 
Tuolumne  at  I.^igrange  show  the  gro.ss  service  of  the  water  diverted, 
records  kept  at  Waterford  and  llickmun.  near  the  entrance  of  the 
canals  into  t  he  districts,  indicate  the  amounts  delivered  to  the  disaricts. 
These  records  are  suninmrized  on  jiage  112.  For  .lanuary.  Febru- 
ary, and  March  the  umount.s  are  computed  from  the  tlow  at  Lagrange. 


112 
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Flow  of  MoileMii  initl  Tiirlock  cannh  near  Wnterfoni  iiud  Ilkkman,  rexjtectively,  iliiring 

ix-aiion  of  1904. 


rlnn  " 


MonOi. 


jHDUHry .. 
Fobruary . 

Han'b 

April 

M«> 

June 


UodeMo       Tnrloek 

canal  *t  {   canal  at 

Watvrtonl.l  Hickman. 


Am-/ett 
9,  on 

6,77» 
7,82S 
g,7(» 
12,202 


Aatjcet. 
$.200 
13.221 

21.300 
2S,2I9 
10,700 


Month. 


July 

ADgnat 

September . 
October 


Seaaon . 


Modesto       Turlook 

canal  at      CHnal  at 

Waterfbrrt.    Hirkmmi. 


Aerr-ttrt. 
12. -177 

w.ru 

4,  MB 


Acrt-letl. 
15 


S,4iiO 

20.142 

8,M7 

IS.  an 


76,717 


I3«,7SS 


These  two  .surauiaric^,  takeu  in  connection  with  the  areas  irrigated, 

show  the  service  of  water  in  Modesto  and  Turlook  districts  in  lWi-1. 
In  Modesto  district  t5.yi*5  acre-*  were  watered  iiud  in  Turlook  di.s- 
trict  the  ureti  snpplied  wii.s  :i0.i.KHl  ticreis.  The  total  diver.sion.s  l»y 
Modesto  canal  amounted  to  ^0,795  acre-feet,  or  enough  to  cover  the 
area  irrigated  to  a  depth  of  13.  IS  feet.  The  total  amount  reaching  the 
district  line  near  W'aterfurd  wa.s  7(3,717  acre-feet,  or  ciiougli  to  cover 
the  6,895  acres  to  ii  depth  of  11.13  feet.  The  total  divei-sions  by  Tur- 
lock  canal  anionnted  to  lt)f>,S-i-5  acre-feet,  or  enough  to  cover  the 
2i>,M(H)  acres  irrigafed  to  a  depth  of  S.34  feet.  Of  this,  l;l(i,753  acre- 
feet  reached  Hickman,  which  was  enough  to  cover  the  2n,(X)0  acres  to 
a  depth  uf  H.!S4  feet.  Kxpressed  differently,  each  cubic  foot  per  second 
diverted  by  Modesto  canal  served  -11.2!*  acres,  and  each  cubic  foot  per 
second  diverted  by  Turlock.  canal  .served  G5.38  acres,  both  of  these 
areas  lieing  estimated  from  the  mean  How  for  each  canal  given  on  page 
110,  the  season  being  computed  as  extemiing  in  the  Modesto  district 
from  January  1  to  September  30,  and  in  the  Turlock  district  from 
January  20  to  October  20,  inclusive. 

The  above  tigures  are  more  valuable  for  stating  the  service  of  water 
in  IH04  than  they  are  for  showing  the  amount  of  water  necessary  for 
the  crops  grown.  Wasteful  use  was  more  often  the  rule  than  the 
exception.  Besides,  much  of  the  water  applied  prior  to  April  and 
during  the  last  three  weeks  run  in  each  district  was  put  on  new  checks 
for  the  purpose  of  settling  the  grountl  before  seeding.  Also,  portion.s 
of  the  year,  especially  prior  to  .April  ITi,  some  water  was  allowed  to 
waste  at  the  lower  end  of  some  of  th(<  laterals.  Much  water  was  also 
lost  hy  seepage  through  the  sandy  bottoms  of  the  laterals,  and  there 
were  losses  in  the  muin  canals  bi'low  the  point  uf  daily  recoitl,  Kecords 
kept  on  lateral  1  in  Modesto  district  and  lateral  3  in  Turlock  dis- 
trict show  more  nearly  th'?  amounts  of  water  applied  to  land  in  l!f04. 
These  simounts  are  expressed  in  acre-feet,  by  months,  in  the  summary 
following. 
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ii/mn/  "/  aiiiiiuul*  of  water  run  in  lateral  1    Mitdetto  dintrirt  and  hiterul  .1  Turlnrh 
ilirlrirl  (htriug  teaiuiu  oj  lfi04. 


Monlli, 


Jiinujir>* .. 
Felirunry . 
Marrb.... 
April 


June. 


MiidrHu       Tiirloek 
)iii«n>l  1,  ,  UteralS. 
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1,100 


Til 
737 

6(17  I 
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8<itiU'nil>«r ... 

4,010      OcIobcT 
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1,US6  Seaann . 


MiidMlii  I  Tiirlwlc 
illstrtrl,  ;  illKlrlrl, 
lateral  1.      lateral  8, 


Aerf'/eel. 

em 

AIM 
14'.' 


i.l»t 


Am/rri. 

•i.-ea 
,'i,i>aB 

«»4 

l.htlK 

'Mi.iSl 

Six  hundred  and  twenty-live  acre-M  were  watered  below  the  gauj^ing 
.station  on  lutcrul  1  Mddesld  district,  and  L',<l:i5  acre.s  were  supplied 
Iwlow  tlio  ;,niu^iiiy  station  at  lateral  o  Turlock  di.strict.  Up  to  May  1 
approximately  one-tliird  of  the  amount  run  in  both  laterals  was  spilled 
back  into  the  river  at  their  lower  ends.  Dedii('tiii<j  these  aiiioiiiit»<,  a 
total  of  8,59!^  acre-feet  was  used  or  wasted  on  lateral  1  Modesto  di.s- 
trict, and  a  total  of  2(i,lS)5  aere-feet  wa,s  used  or  wa.sted  on  lateral  3 
Turloek  district.  In  Modesto  district  this  was  snffirient  to  cover  the 
(i'Jb  acres  irrigated  to  a  depth  of  .5.7tj  feet,  or,  diHerently  e.\pres.sed, 
was  1  eubic  foot  per  .second  averajje  flow  throii^'hout  the  season  of  one 
hundred  and  se\enty-four  days  for  each  (in  acres  irrijjated.  In  Tur- 
lock distrit't  the  amount  run  was  sufficient  to  cover  the  'i,*i25  acres 
irrigated  to  a  depth  of  7.69  feet  and  enough  to  water  70,9  acre.s  per 
eubic  foot  per  second  average  (low  fnun  the  time  water  was  turned  in 
until  it  was  turned  out,  two  hundrcLl  and  seventy-tive  days. 

There  is  no  doubt  that  too  much  water  is  used  by  a  majority  of  the 
irrigators  in  lioth  Modesto  and  Tuilock  flistricts.  In  l!ii)4  less  was 
ustxl  ill  Turlock  district  than  in  Modesttt  district  becau.se  much  of  the 
land  in  Turloek  district  had  been  irrigated  since  1901,"  and  also  becaii.se 
Turlock  canal  was  clo.sed  for  rejiaii-s  for  twenty-.seven  days  in  .Iniie 
and  tluly,  when  the  use  would  natiinilly  hint'  bet^n  largo.  To  irrigate 
all  of  the  land  in  the  two  districts  umh'r  the  duty  obtained  in  190-t 
would  rciniirc  u  mean  How  of  I.Dimi  i/ubic  feet  |M>r  second  in  .Modesto 
canal  aii<i  i>f  2,7ui)  cubic  fi^et  per  .second  in  Turlock  canal.  There  i.s 
no  likelih<HHl,  however,  that  such  a  low  duty  will  continue  long,  liecause 
there  will  be  .several  factors  tending  to  increase  it.  The  subsoil  in 
both  districts  is  generally  deep,  and  for  the  first  few  years  of  irriga- 
tion t«n  absorb  large  t|uaiitities  of  water  without  injury.  As  the  level 
of  the  ground  water  is  raised  less  water  will  br  absorl>ed  by  the  lower 
strata  and  therefore  less  will  be  reijuired  to  supply  the  hiyer  utilized 
bj'  crops.  Also,  an  irrigators  become  more  experienced  they  will 
learn  to  get  along  with  less  water,  and  as  the  irrigated  area  in  the 


"Mr.  B.  \V.  Child,  sui«rintemli>nt  of  Tiirlf>ck  lanal  fruiii  IMOl  t<i.Sci)teiiilK'f,  UMM, 
repurts  that  in  1901,  3,757  acri-B  wtre  irriptteil  in  TurliK-k  ihiitrift;  that  in  rouml  num- 
bera  7,000  ac-rea  were  wntered  in  1902.  anti  that  12,000  acres  were  watered  in  1903. 
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districts  Ik'I'oihcs  increased  the  district,  officers  will  be  conipelled  to 
jn'cviMit  ill  I  waste. 

In  Modesto  and  Turlock  districts,  however,  as  in  ull  newly  irrifjati>d 
scctinns,  the  danger  of  iisinij  tno  much  water  is  a.  ^^vavv  one,  jind  if 
the  excessive  use  is  allowed  to  continue  large  financial  loss  will  he 
incvitahle.  If  the  tendency  to  waste,  alrciidy  very  marked,  run  he 
checked  liefore  it  heronies  a  hahit.  the  sjiving  to  the  districts  and  to 
the  irrigators,  both  in  money  and  in  friction,  will  be,  relatively  speak- 
ing, almost  beyond  estiinatjon, 

In  order  to  bear  out  the  records  of  flow  for  the  season  already  given, 
the  amounts  of  water  applied  in  single  irrigations  under  single  laterals 
and  on  separate  farms  were  measured  in  a  number  of  instances. 
These  measurements  show(>d  excessive  use  or  excessive  waste  in 
nearly  every  case.  Ht'tween  May  '2X  and  June  (J  enough  water  was 
run  in  one  lateral  in  Modesto  district  to  irrigate  till  acres,  principally 
alfalfa,  tfi  cover  th<>  land  irrigated  to  a  depth  of  l.H  feet.  What  pro- 
portion of  this  was  lost  in  transit  was  not  determined,  although  it  was 
known  to  be  large.  On  another  lateral  in  Modesto  district  13  farmers, 
with  *2!>2  acres,  received  eiuaigh  wal<'r  between  .liuic  l!>  and  duly  11 
to  cover  their  land  tcj  a  dc'plh  of  l.'i  feet.  One  farmer  on  lateral  1  in 
Modesto  district  used  21  cubic  feet  per  second  for  twelve  hours  on  10 
acres  of  alfalfa,  which  was  enough  to  cover  the  land  tn  a  depth  of  ii.l 
feet.  Another  farmer,  one  of  the  best  in  Motlesto  district,  covered 
2<>  acres  of  alfalfa  on  lateml  7  to  an  average  depth  of  0.,54  foot  in  one 
irrigjition,  while  a  neighbor  tni  nn  adjoining  latend  used  ly.5  cubic 
feet  per  second  for  eighteen  hours  on  1(1  acres  of  alfalfa,  which  was 
enough  to  give  an  average  lieptli  of  l.*!  feet.  These  figures,  which 
are  in  na  way  exceptinnal  ftu-  Jlodcsto  and  Tui'lock  liistricts  it)  11(04, 
show  that  individual  jn'actice  is  by  no  means  guillles>  of  waste.  It  is 
believed  that  tin-  high  levees  and  imjK'rfect  leveling  are  the  cjiuse  of 
nuich  of  the  excessive  ii<e.  E\i'n  nii  light  soil  a  deplii  nf  <;  inrhes  for 
each  watering  should  sulHce  for  alfalfa  in  Modesto  ajid  Tinlock  dis- 
tricts, l»ut  many  checks  are  so  far  from  level  that  a  depth  of  1  foot  of 
water  on  one  [lortinn  of  a  check  often  givi's  a  depth  of  only  I  or  2 
inches  in  anothiu'  portion  nf  the  same  chock,  resulting  in  great  uncven- 
ness  in  applying  water  and  nuu  h  injurioiLs  waste. 

aUALITY  OF  WATER. 

The  water  of  Tuokumie  Kiver  is  characterized  by  Piof.  (ieorge  E. 
Colby,  of  the  University  of  California,  as  "exceptionally  pure."  A 
composite  samjde  from  the  i'i\-er  at  Lagrange  dam.  taken  from  May  1 
to  .Inly  1,  11M)4.  analyzed  by  Professor  Colby,  showed  a  total  of  only 
2. ^'2  grains  per  gallon  cd'  solid  matter.  ComjKjsite  samples  taken  from 
Modestnand  Turlock  canals  at  Watei-ford  and  Hicknnin.  respectively.  :J2 
miles  below  where  the  ri\er  water  sample  was  taken  at  Lagi'ange  dam. 
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showed  that  this  "excoptionally  pure"  chiirantcr  was  not  lost  throiiffh 
thf  wafer  passitiff  dnwn  tlic  caimls.  In  iicithvi'  Modesto  nor  Turlock 
canals  wi-iv  Uu-  solid  inyredii'nts  iruTi-ased  sutlicii'ntly  tocithcr  improve 
or  injure  the  wat.et'.  In  Modesto  omal  the  total  jjrains  per  f^ailon 
iiirreased  to  ;^.llt  ;u)d  in  Turloek  chimI  to  iI.^H.  In  the  former  the 
sodium  rhlorid  iixTeuMHi  to  O.si  jrrnJn  itnd  (he  sodium  eurlionfite  to 
0.35  grain  per  gallon,  the  other  solid  iivj^redients  leniainiug  substanti- 
ally the  same  as  at  the  head  t^ates.  In  the  latter  the  potassium  sid- 
pliate  (tniee)  and  the  sodium  sulphate  increased  to  l!.7<')  gniius,  the 
sotliutu  carbonate  to  0.(»1  jjrain,  and  the  ortifiinir  matter  and  ehemirally 
eoiidiitied  water  to  1.74  t^rains.  The  eoniplote  analyses  for  the  three 
samples  are  given  in  the  sununary  below: 

AiutlfiK*  of  romponte  water  namplf*  from  Tuolumne  Hirer  and  ifodtdo  and  Turlock  canals. 
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SEEPAGE  LOSSES. 


Of  90,795  acre-feet  of  water  divorted  from  Tuolumne  Kivcr  in 
1!K)4  by  Modesto  canal,  7t>,717  aere-feet  reached  Waterford,  near  the 
entrance  of  the  canal  into  the  district.  Of  lt>6,845  aere-feet  diverted 
by  Turlock  canal,  13t>,75;-5  acre-feet  i'eachp<l  Hickman.  The.se  tigurea 
show  respective  lo.sses,  in  appro.ximately  "iii  miles  in  each  case,  of  15.5 
and  IfS  per  cent,  which  were  iMjuivalent  to  a  ciuitinuous  How  through 
the  season  of  2*1  cubic  feel  per  second  in  Modesto  canal  and  i>'>  cubic 
f«H?t  per  .second  in  Turlock  canal.  Considering  the  size  of  MiKlesto 
and  Turlock  cantds  and  the  nature  of  the  country  through  which  they 
jiass,  these  losses  are  not  as  large  as  might  have  bi'en  e.xpi'cted.  Below 
Waterford  and  Hicktuan,  lK)wever.  anil  especially  in  some  of  the 
laterals,  the  losses  are  known  to  be  excessive.  While  it  was  deemed 
desirable  to  determine  these  Ios.ses  by  a  series  of  current  meter  gaug- 
ings,  breaks  iu  the  canals  aial  other  circumstances  prevented  this 
l)eing  done,  except  on  a  section  of  Mo«le.sto  canal  from  Lagrange  dam 
to  the  head  of  lateral  No.  (^.  A  series  of  sin-h  measun'mtiiits  wivs 
made  on  this  .section  in  June,  1904.  by  Mr.  A.  P.  Stover,  of  the  irri- 
gation and  Drainage  Investigations,  and  the  writer,  and  the  measure- 
ments showed  the  ajjproxiniate  locati«)n  of  the  princi\ml  los**-*. 
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From  Lugrange  dam  to  lateral  No.  <>  is  33  miles.  Starting  with  n 
flow  lit  the  dam  uf  260  cubic  feet  per  second,  the  losses  were  fouiul  to 
Ito  H.>i  given  Ix-low: 

SuHiuiiirii  uf  lovK*  fnmi  iiuiiu  ntiial,  Moihuto  irrit/ation  di$lricl,  beliirm  Ijnyramjr  ilmit^ 
and  the  hear!  uf  Inlrml  No.  6,  Junf,  1904. 


Section  uf  rannl. 


I.Agmni;i>  dam  lu  Morton  fltinn' 

Morton  fltinii^  l*»  I)«Ila*  brnlKe 

liullui  liridgr  to  KixiKinK  "lation  near  Wuierfurd  . 
linuitlni:  9l«iion  nnir  ^Vlller|n^l  to  latciml  No.  6.. 

tiiSnuij;c  dam  to  lalcrnl  No.  6 
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Lnmper 
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pfr  tee. 
S.t 
1,4 
2.9 
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15.5 

1          "•* 

1.7 

21.5 

i 


From  Lagrange  dam  to  latenil  No.  tt  the  lo.s.s  is  seen  to  have  iK-eii 
ei|iiivuleiit  tt»  a  How  uf  iiO  cutiic  feet  jjcr  secintd,  or  21. .i  per  cent  of 
the  2(in  cnhic  feet  per  second  started  with.  The  greatest  loss  per  mile 
took  place  Itetween  the  dnm  and  Morton  flume,  principally  in  .sections 
that  are  now  Ueing  repaired.  From  the  dam  tu  the  gauging  station 
near  Waterford  the  less  wa.s  snhstniitinliy  J."j.()  j)er  cent,  wliich  is 
slightly  more  tiiaa  the  loss  indicated  hy  the  total  How  of  Modesto 
canal  foi-  the  sciisori.  given  in  acre-feet  on  page  IIU. 

CROPS  GROWN  IN  MODESTO  AKD  TTIRLOCK  DISTRICTS. 

Walci  ta.xes  are  piiid  un  '.i.'iO.tMMt  acres  uf  land  in  Modesto  and  Tiir- 
lock  irrigation  districts,  hut  up  to  the  close  of  the  season  of  l!t(»4  less 
than  3(i.(MMi  acres  were  irrigated.  The  area  irrigattul,  however,  will 
increase  each  year,  the  pruspccls  liiMiig  that  iu  I'.M);"*  it  will  Ix'  at  le;i,st 
one-fourth  larger  than  in  11*04.  Until  water  was  turned  into  the 
canals  in  lt>()4  in  Moilesto  district  and  in  ll«iL  in  Turlock  district — 
the  whole  area  in  the  districts  was  a  grain  Held.  The  pur|K>se  <if 
watering,  however,  was  to  make  pos.sihle  a  more  iliversitied  and  more 
protitahle  agriculture  than  wheat  growingon  a  wora-niit  soil,  lieciuise 
it  is  not  difficult  to  raise  under  irrigation,  and  at  the  .same  time 
promi.scs  tpiick  return^,  alfalfa  was  littingly  chosen  us  the  cixip  for 
making  a  Ix'ginning  under  the  new  n'gime  of  irrigation.  It  is  there- 
fore the  prinii[>iil  inigated  crop  in  the  districts.  If  sown  there  in 
time  to  gel  siartctl  lu  April  it  yields  from  one  to  three  cuttings  and 
good  pasture  the  Hist  season.  There  is  every  reason  why  its  growth 
in  these  di-<tncl-^  should  liecncuuraged.  It  surpasses  all  other  Ameri- 
can forage  crops,  .sti  that  it  is  invaluable  in  the  raising  of  lieef  and 
dairy  cattle.  As  a  renewer  of  impoverished  .soils,  such  as  those  in 
.Sin  Joaipiin  Vallev.  no  crop  grown  on  an  extensive  scale  has  yet  been 
found  to  surpass  it.  A  yield  of  ."3  to  (I  tons  per  acre  t^ach  year  after 
the  first,  gathered  in  three  or  four  cuttings  and  worth  ^4  to  ^5  ix-r 
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ton  ill  the  stuck,  is  ii  liij^jhly  sutisfiictory  jjros.s  return  for  such  u  crop 
<iM  laud  that  oau  lir  purchased  iind  pliinted  and  projmred  for  irrif,'fttion 
iov^l'i  per  acre  nr  tlu'rciilimits.  (Jriiiitiiii,'.  however,  ail  (hut  itiav  Iw 
said  in  favor  of  alfalfa  aud  the  ready  nuiriiet  for  it  that  is  oH'ered  by 
tile  heef  and  dairy  interests,  it  would  seem  to  l»e  false  economy  to 
niise  it  to  the  exclusion  of  almost  all  other  tield  crops.  It  is  fpiestion- 
al)lo  if  even  7  tx)iis  of  alfalfii  pel-  acre  per  year  would  lie  the  l>est 
return  possible  from  nuich  of  the  land  in  the  districts.  For  soil  that 
will  raise  as  wide  a  raiij^je  of  j)r(Hlnris  as  cum  be  i.'rown  in  these  dis- 
tricts, some  crops  should  be  found  which,  rotated  with  alfalfa  and 
grain,  would  }jive  a  more  balanci'd  and.  in  tlio  lonjf  run,  more  protiUi- 
ble  production  than  can  be  derived  from  any  single  crop,  even  if  that 
single  cro|)  is  alfalfa.  Careful  rotiitioii  in  the  Soutli  I'latte  Hasin  in 
northern  Colorado  basso  increased  values  that  alfalfa  is  now  raise<l 
theiv  more  as  a  means  of  ])reparing  land  foi-  more  profilable  crops,  in 
the  meuutime  jriviiiij  a  fair  return,  than  as  the  ultimate  and  most 
profitable  crop.  Conditions  are  oViviously  dirt'erent  in  San  fFoaipiin 
Valley  from  conditions  in  the  Rocky  Momitiiin  irrigated  sections,  yet 
the  people  <d'  Modesto  and  Turlock  districts  should  tu)t  fail  to  seai'ch 
for  the  cn)p  oi"  croj)s  that,  interchanged  with  alfalfa  and  wheat,  will 
give  them  the  larg<vst  possible  yield  from  their  land. 

-Vltlumgh  the  chief  crop,  alfalfa  i>  not  the  only  crop  grown  under 
irrigation  in  these  districts.  Others  are  deciduous  fruits  of  variou.s 
kijuls,  incluiling  grapes,  mostly  for  wine.  Thi-  conditions  seem  admi- 
rably adajited  for  ail  of  these,  aud  the  extent  of  their  profitable  pn)- 
duetion  will  depend  on  the  prices  at  which  the  markets  will  be  likely 
to  receive  them.  In  the  lighter  soils  around  Turlock  sweet  potatoes 
are  now  grown  witli  considerable  profit,  the  yield  of  [UVli  averaging 
125  sacks  of  115  pounds  to  the  acre.  These  were  sold  at  the  nearest 
railrf)ad  station  at  from  xo  cents  t<)!?!.4o  per  loo  pounds,  averaging 
$1.10  perhundi'ed.  which  gave  a  good  protit  to  the  growers.  In  iyU4, 
l.loo  acres  were  planted  to  this  crop  in  Turlock  district.  Corn  can  be 
nii>ed  almost  lo  matui'itv  in  the  districts  without  water,  bnl  reipiires 
irrigation  in  May  or.lune  to  carry  it  through  the  hot  winds  of  those 
months.  Much  of  the  soil  is  suited  to  the  growtli  of  sugar  beets,  but 
whether  th(n'  lau  be  grown  there  Un-  iu>t  been  determined  by  trial, 
although  a  considerable  acreage  will  be  jihinted  to  this  ciop  in  ll»0j. 
Kgyptian  corn,  melons,  Inmns,  garden  truck,  and  numerous  other  tield 
erc)ps  are  being  tried.  Of  the  fruits,  the  Caliniyrna  tig  is  considered 
by  uniny  as  adnurably  ada|)teil  to  the  coTiditioiis  present,  and  consid- 
erable areus  have  already  been  plunteii,  particularly  around  Ceres,  in 
Turlock  district.  Small  fruits,  such  a>  K)gaidierries  and  blackl>erries, 
gn^w  lu.xurianlly  and  yield  abundantly,  and  should  be  jnolitalde  when 
properlj-  raised  and  marketed.  Oranges  and  lemons  grow  and  yield 
wherever  planteil  in  the  districts,  ami  in  the  foothill  country  east  of 
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tlic  (listrict.s,  US  iiioiiiid  l^:i  (iiiinj,'-!',  roiifl)  m  lii^h  stuti' of  iiiTfoctiud. 
They  arc  not,  h()\vi'VL'r,  lieiiij,'  <jni\vn  (■(iiiiiiicreitilly  in  llic  distrirth  to 
liny  fonfiiili'i'alilc  oxtent. 

One  of  the  most  sui'i)risin<,f  fetituri'rs  i>(  fiii'ni  |»nictiL-i'  ui'muu! 
Modesto  and  Turioi'k  is  that  no  jfrain  is  iiTJijutcd.  'I'his  Uci-oines  tlic 
MKM'i'  sdrprisiiiij  vvln/n  yields  of  wheat  on  suninier-falinw  Innd  are 
rcdueed  to  10  or  1'2  saeks  per  acre  every  other  year,  und  when  every 
acre  of  dry-farmed  jrrain  land  pays  the  stt?ne  water  tax  as  every  acre 
of  irrigate(i  alfalfa  or  vineyard,  (train  jfnnvers  in  all  parts  of  the 
AVest,  except  portions  of  California,  water  (heir  crops  with  liiyhly 
satisfactory  resnlts.  If,  as  Modesto  and  TiirlrH'k  rrrain  growers  claim, 
wheat  and  Itarli'V  can  not  lie  prnfitalily  irri^oitetl  in  their  section  on  a 
larijre  scale,  there  is  little  doiibt  thiit  iniicli  would  he  f^ained  l»y  water- 
'm}r  it  on  such  a  scale  as  fanners  of  SO  or  Itil)  acres  of  land  inii^lil  do. 
If,  after  several  yeai's  devoted  to  alfalfa.  40  acres  of  irri<;iiled  wheat 
Would  yield  at  the  rate  of  50  and  (»o  Inishcis  to  the  acre — yields  which 
are  by  no  means  nneoujinon  where  wheat  is  irrijjatcd  and  carefully 
rotated  with  other  >uital)le  crops — the  wisdom  of  irriyatiiijr  j,'rain 
would  seem  to  oti'er  litllc  {ground  for  controversy.  In  the  spririir  of 
I'.KM:  the  ex|>erimen(  of  ir'riffatinj.'  jjrain  was  tried  on  one  of  the  farms 
of  Mr.  ('.  N,  W'hitniore.  neart'eres.  Twoacre>of  harli'v  were  watered 
on  May  'A.  after  the  {{rain  was  headed,  hy  Hnodinii'  from  small  lield 
diti'iies.  An  average  flow  of  0.75  cnbic  foot  per  secotid  was  used, 
coveritiif  the  land  to  an  axerajje  depth  of  n.;i7  foot.  The  ('xperiment 
demonstrated  tiiat  the  lij^ht  >t>il  on  which  tlie  expi>rimeiit  was  tried 
could  lie  readily  irrijirated  hy  the  mellxxl  followed,  altlK>uj,'h  it  was 
shown  that  a  larjjer  "head''  than  was  u^-ed  would  jcive  tlie  best 
results.  Althouj»'h  the  experiuu'iit  was  tried  late  in  the  season,  the 
yield  and  quality  of  the  f^i'ain  were  materially  improved. 

METHODS  OF  APPLYING  WATEE. 

The  check  method  is  followed  almost  exclusively  in  applying;  water 
to  land  in  Modesto  and  Turlock  districts.  This  method  was  copied 
from  otiier  sections  in  San  Joaciuiii  Valley,  where  it  has  found  much 
favor  with  irripitors.  That  it  is  the  best  method  for  all  tlie  land  in 
the.se  districts  has  not,  however,  been  determined,  and,  takinjj  experi- 
ence of  irri^rators  elsewhere  as  a  »r>tide.  it  is  (juite  certain  that  some 
othei'  method  woukl  be  better  on  .some  of  the  land.  Jn  this  country 
this  method  had  it^  origin  among  Mexicans,  who  carried  it  from  their 
owti  country  to  San  .b>atjuin  Valley  and  othei'  parts  fif  California. 
The  main  theory  underlying  it  that  it  ])ermits  of  irrigation  with  a 
miniumtii  of  labor — is  certainly  a  jioint  in  its  favor,  yet  this  should 
not  be  allowed  to  dictate  its  ado|jlion.  The  njiplieation  of  water  to 
crops  is  more  than  a  matter  of  opening  and  closing  head  gates.     The 
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lli^sto^y  of  wlieat  ornwinji-  in  San  Jiiiti|iiiii  \'al!ry  should  1m'  .-.iilHcicnt 
illiistnitiuii  of  tho  ccuiKiinii'  nxinni  Unit  t)ie  niiiiiiiiuin  of  lulior  givos 
tli(>  niiniimim  of  yield.  On  land  with  little  slope  and  light  texture, 
wlieri'  wtitiM' sprfiiils  willi  ilillifiilly.  the  rotitiiiiiii,'  lictwi'di  IcvL-t's  of  a 
couapunitivt'ly  iiu'ijc  -strciuinif  wutfi-  for  a  ;<liort  time  im  certainly  good 
practice.  On  land  sloping  as  rniicli  as  1  foot  in  100  feet,  however, 
where  water  will  spread  even  on  liirht  soil,  the  lirejikinir  npof  the  soil 
surface  into  levees  at  a  cost  of  !^ls  tu^:-jn  per  acre  is  a  practice  at  least 
sufficiently  questionable  U>  warrant  careful  experiineiitinff  with  other 
!)iethfKls.  One  or  two  new  settlers  who  Inne  irrigated  elsewhere  arc 
iiTigating  alfalfa  l>y  f1oo<liiig  from  small  laterals,  as  is  done  almost 
universally  in  the  Kocky  Mountain  States,  and  also  with  success  in 
some  portions  of  Californiji.  (hi  hind  with  sndicient  slope  so  (hat 
water  will  spi'cad  wilhonL  lieing  ctMilined  in  checks,  and  where  the 
soil  is  not  too  light,  there  seems  no  reason  why  this  method  should 
not  succeed.  It  rei|uires  only  the  evening,  not  li'veiing,  of  the  ground 
surface  and  the  construetiuu  through  t!ie  tield  of  small  hiterals  caijahle 
of  carrying  from  1  to  3  cubic  feet  per  second,  or  from  50  to  150  miner's 
inches,  of  water.  Water  can  be  reuilily  diverted  from  siu'h  hiterals  by 
metal  tiippoons  or  cutn  as  dains,  which  force  the  water  over  the  bunks 
of  the  laterals  or  through  temjKirary  breaks  in  their  sides,  and  guided 
over  the  tiekl  by  an  attendant.  These  lati'rals.  ijcnei-ally  from  on  to 
100  feet  ajtart,  according  to  crt>p  and  other  conditions,  follow  the  tops 
of  the  ridges  or  along  grade  contours,  in  the  former  case  so  that  the 
water  may  be  run  out  on  both  sides  of  the  lateral,  and  in  tlie  latter 
case  so  that  they  may  be  kept  high  enough  to  reach  the  ditlVrcnt  parts 
of  the  fields.  This  method  of  irrigation  requires  much  more  skill  in 
handling  water  than  the  check  metliod,  yet  where  the  laterals  are 
properly  made  and  the  water  is  carefully  handled  and  no  low  places 
are  left  in  the  lield  without  outlets  for  surplus  water,  it  will  permit  of 
a  more  i-vcn  application  of  water  than  can  be  iriven  by  (he  clu-ck 
method  where  the  checks  vary  more  than  4  or  5  inches  from  level,  as 
do  many  of  the  checks  now  built  in  Modesto  and  Turlock  districts. 
If  checks  ai'e  within  3  oi'  4  inches  of  level,  and  not  too  lai'ge  —  the 
area  being  no  greater  than  can  l>e  watered  by  the  available  irrigating 
stream  without  excessive  wateruig  of  some  portions  liefore  the  water 
can  1h>  made  to  spread  to  tlie  other  portions — it  is  probable  that  water 
can  be  spi'cad  on  them  more  evenly  than  it  can  be  applied  by  tlooding 
directly  from  small  laterals. 

But  little  examination  of  many  of  the  check  levees  in  Modesto  and 
Ttirhx'k  districts  is  needed  to  show  that  they  are,  as  a  rule,  higher 
than  necessary,  and  also  that  they  very  often  have  slopes  too  steep  to 
]K'rmit  of  easy  crossintr  with  fanning  imiilements.  Levees  2  to  3  feet 
high  are  not  uncommon  in   these  districts.     Such  excessively  high 
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Imet's  art'  not  only  very  expr-nsivo  tu  timko.  Imt  they  offer  liroecling 
prouiKl  fnr  noxious  wced^,  prodiK-o  liule,  if  any.  yield,  and  prently 
detract  f  runi  the  api^'arcnce  of  irriynt«'d  Helds.  A  nunilmr  of  irrigators 
ill  the^Je  districts,  however,  have  made  cheeks  that  have  proven  highly 
satisfactory,  in  whicli  water  can  he  applied  to  the  crops  hotli  ipiickij- 
and  evenly.  Detailed  surveys  were  made  of  some  of  these  in  1904  h^' 
Mr.  A.  P.  Stover,  of  the  irrijration  and  drainajre  investigations,  and 
the  writer,  and  descriptions  taken  frmii  these  surveys,  together  with 
suggestions  regarding  check;*  in  general,  preimred  by  Mr.  Stover,  are 
here  given.  In  this  connection  helpful  suggestions  were  made  by 
Prof.  M.  K.  Taylor,  of  Ceres,  and  Mr.  L.  F.  Ilasttags,  now  superin- 
tendent of  Turlock  district.  It  i.s  thought  that  the  sketche.s  and 
descriiitions  will  olTer  s(»niclhing  of  a  guide  to  those  aliout  to  l>egiii 
the  conslru<'tion  of  cheeks  in  thesi>  distrit'ts. 


PBEPAfiUrO  LANK  FOR  CHECK  LBRIOATION. 
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The  settler  who  is  aliotit  to  prepare  his  land  for  irrigation  witli 
check.s  has  the  choice  of  two  systems.  Me  may  u.se  the  contour  system 
and  locate  all  levees  on  contour  line.H,  thus  dividing  his  field  into 
checks  of  varv'ing  size  and  irregular  shape;  or  he  may  ado]3t  the 
rectangular  system,  in  which  all  levees  are  located  on  straight  lines 
that  divide  the  tract  into  checks  essentially  rectangular  in  shape. 
Which  of  these  two  systems  is  West  of  course  depends  entirely  upon 
the  particidar  case  in  hand,  but  the  advantages  of  the  one  .system  a^i 
compared  with  the  other  may  in  the  main  be  determined  bv  two 
factors,  viz,  the  nature  and  luiiformity  of  the  slope  of  the  tnict  to  be 
checked,  and  the  u.se  wdiitdi  will  eventually  be  made  of  the  tract. 

If  the  given  tract  contidns  depressions  or  small  swales,  then,  other 
things  being  e(pial,  etititour  cheeks  should  be  u.se<l,  for,  generully 
.speaking,  contour  checks  will  be  less  expensive  in  construction  than 
rectangular  checks,  t.'ontour  levees  may  be  .so  located  as  to  require  a 
mitnmum  amount  of  lalwr  in  their  con.struction  and  in  the  leveling 
of  the  bottoms  of  the  checks.  In  constructing  rectangular  checks, 
however,  the  partial  disregard  of  t'ontours,  in  order  to  build  the 
levees  on  straight  lines,  results  in  uuicli  more  earth  having  to  be 
moved  in  order  to  properly  form  the  levees  and  bring  the  l^eds  of 
individual  checks  each  to  its  own  level.  Under  conditions  where  the 
slojje  of  the  tract  is  (piite  imifnrm  in  each  direction  and  the  surface  is 
unbroken,  rectangular  checks  would  be  the  ones  to  choose,  for,  although 
under  these  conditions  there  would  1m?  practically  no  difference  in  the 
cost,  the  advantage  is  with  the  rectangidai'  system  from  the  fact  that 
rectangular  check.'?  conf<u'ni  nicely  to  culture  areas  and  to  property 
and  subdivision  lines,  and  by  so  doing  add  nujterially  to  the  general 
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appoanuice  iitid  nttiiictiveness  of  the  fiiria  imd  to  the  ease  with  which 
it  can  l)c  cultivated. 

The  use  to  which  a  tract  of  land  is  to  be  put  may,  to  a  certain 
extent,  affect  the  sstvic  of  checking  adopted.  Es[X'cially  i.s  thi.s  the 
case  oil  laiul  with  uneven  slopes.  If  on  such  land  it  is  expected 
nothing;  hut  alfalfa  or  grain  will  he  raised,  it  may  not  pay  to  go  to  the 
extra  expense  of  Imilding  rectanjfular  checks.     On  the  other  hand,  if 
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no.  2.— Irrigation  by  ooniour  check  «)'«tein. 

cultivated  crop.s,  such  as  fruit  trees,  vines,  or  furrow  crops  are  to 
eventually  occupy  the  land,  then  the  added  initial  exjK-nsc  of  |)n>- 
viding  larg<'  rectangular  checks  will  more  than  he  compensated  fur  hy 
the  ease  with  which  irrigation  and  ciiltivatiou  may  be  accomplished. 

As  iUustrative  of  the  two  styles  of  checking  two  sketches  are  given, 
liasod  on  rield  surveys.  Figure  'J  shows  a  typical  example  of  good 
practice  in  the  use  of  the  contour  system  in  the  irrigation  of  alfalfa. 
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It  represents  part  of  the  farm  of  Mr.  George  W.  Horn,  3  miles  north- 
west of  Modesto.     The  rectangular  check  system  is  illustrated  by 


I ^  — — — ^  —  f'''^    p^i.^^^'^'^r  '. 


•jfra   ^^-f     OO  gp^.. 


Flu.  3.— Irrigation  by  rectangular  check  system. 


figure  3,  which  is  a  sketch  of  an  alfalfa  field  belonging  to  Mr.  Dan 
Baldwin,  3i  miles  east  of  Ceres. 


LAYING  OUT  CHECKS. 

Regardless  of  whether  contour  or  rectangular  checks  are  to  be  used, 
the  nature  and  amount  of  slope  of  a  tract  of  land  are  the  features 
which  govern  the  location  of  levees  and  size  of  checks.  On  all  land 
suitable  for  checking  which  has  a  slope  of  from  4  to  10  feet  per  mile, 
contours,  or  lines  of  equal  elevation,  must  be  located  with  an  instru- 
ment. Some  farmers,  with  the  aid  of  cheap  leveling  devices,  have 
tried  laying  out  their  own  check  systems.  A  few  have  been  success- 
ful, but  many,  from  a  lack  of  knowledge  of  the  conditions  which 
should  govern,  have  made  costly  blunders.  Unless  one  is  sure  of  his 
ability  to  succeed  in  such  a  task,  he  will  save  money  b\-  securing  the 
services  of  a  surveyor.  The  expense  of  this  will  of  course  vary  with 
the  roughness  of  the  land  to  be  checked,  but  a  good  man,  with  his 
instrument  and  one  assistant,  will  outline  checks  on  25  to  35  acres  in  a 
day.  At  this  rate  the  cost  would  be  20  to  30  cents  per  acre.  The 
average  farmer  would  doubtless  have  trouble  in  getting  over  more 
than  6  or  8  acres  in  a  day,  which,  if  he  considers  the  time  of  himself 
and  his  helper,  would  make  the  cost  35  to  50  cents  per  acre.  Not  onl}-, 
then,  would  it  be  more  expensive  for  the  farmer  to  do  the  surveying 
himself,  but  being  unfamiliar  with  this  kind  of  work,  the  chances  are 
he  would  not  make  the  best  choice  of  location  for  levees  and  laterals, 
and  that  he  would  thus  cause  himself  no  end  of  labor  and  trouble  in 
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Fig.  1  .—Constructing  Check  Levee  with  Scraper. 


Fig.  2.— CoNSTHueriNO  Lateral  Ditcm  with  Scraper. 
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constructing  and  iitaiiitaiiiiii;^  liis  system  of  (.'lu>cks.  Ciisos  Imve 
otriiripd  where,  after  havinjr  gone  to  much  trouble  to  lay  out  their 
own  checks,  fiirmers  ha\o  (iniilly  lief n  forced  to  (Miiploy  ii  competent 
Mirveyor  to  make  a  comjiicte  resurve\'.  However,  for  those  who 
undertake  the  work  witliout  the  help  of  n  surveyor,  the  following  sug- 
gestions may  not  lie  out  of  place. 

After  haviii),'  determined  the  slope  of  the  land,  the  next  mu\e  is  to 
lix  the  approximate  size  of  the  checks  hy  the  difference  in  elevation 
lictw'  pu  checks.  The  hest  results  are  ol)taiiied  where  the  vertical  dif- 
ferc  ice  between  clie&ks  is  from  4  to  Jo  indies.  Hy  this  is  meant  that, 
after  the  che^-ks  are  Iniilt.  the  ditference  in  level  hetween  the  hottoms 
of  two  adjacent  checks  should  lie  from  4  to  li)  inches,  depcndini^  on 
llie  general  slope  of  the  land.  Uhservations  in  San  Jitaipiin  \'alley 
suggest  three-fourths  aero  to  1^  acres  as  the  best  areas  for  cliecks. 
With  a  tract  havinj:  a  uniform  slopi^  the  difference  in  level  liclween 
the  tiers  of  checks  woul<l  be  a  constant  amount,  and  all  levees  would 
be  approximately  the  same  distance  apart.  The  ma.\imum  difference 
in  level  rK^tween  cluM'ks  should  not  be  over  1  foot.  If  <rreater  than 
this,  the  levees  between  checks,  especially  on  light  soils,  arc  ajit  to  give 
way  under  pressure  of  the  water,  and  when  this  ha|)i)ens  the  heavy 
fall  to  the  next  check  causes  a  bad  washout.  W'her'c  the  slope  of  the 
land  is  so  great  as  to  re<|uire  a  larger  differenci'  than  1  foot  in  order 
that  the  levees  may  not  be  less  than  50  feet  apart,  the  cheek  .system 
.shoidd  be  abandoned  and  some  other  method  of  applying  the  water 
adopted. 

When  the  survey  of  a  contour  check  .systeiu  is  Inking  made  usually 
no  stakes  are  set,  but  the  location  line  of  each  levee  i>  marked  by  a 
^hallow  plow  furrow,  the  course  of  which  is  indicated  by  the  surveyor 
walking  di  recti  v  ahead  »»f  the  plow.  1  n  laying  out  n^ctangular  checks, 
the  corners  of  checks  are  indicated  by  staki's.  from  which  the  levees 
are  constructed.  As  a  guitle  for  liringing  the  bed  of  each  check  to  a 
level,  a  few  random  stakes  aie  set  here  and  there  l)etween  the  levee 
furrows,  all  in  auv  |»ar-ticuhir  clu'ck  having  their  tf>ps  on  the  satut' 
level. 

CONSTRrCTlNG    LEVEES  AND   LKVRLINO    CHECKS. 

The  task  of  building  levees  and  leveling  checks  is  work  that  the 
fanner  can  do  himself,  and  by  so  doing  perliaps  secure  better  results, 
by  reason  of  hi-s  interest  in  the  work,  than  if  the  work  is  done  by 
contractors.  l.Jind  which  is  to  be  checked  is  usually  sown  to  grain  or 
summer  fallowed  t!ie  previous  year,  so  tliat  the  soil  is  in  good  condi- 
tion to  be  handled  with  a  scraper.  Various  implements  are  used  in 
this  work,  but  of  all  perhaps  the  l>est  results  are  secured  with  Fresno 
and  Stockton  scrapers,  especially  where  there  is  a  long  haul.  (PI.  III. 
fig.  1.)  For  short  hauls  and  for  smoothing  and  leveling  checks  the 
ordinary  buck  scraiier  does  rapid  work. 
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Willi  tliu  levt'e  furrow.-  and  the  random  .stakes  iiidiaitiiitf  tin?  k'\el 
of  eacli  rheek  as  guides,  the  construction  of  the  levees  and  li^veling  of 
the  iidjaceiit  ufu'cks  can  l>e  furried  on  at  tlie  sunw  lime,  thtM^ai'th  heing' 
dragged  from  tliu  liiglie.st  puiiit.-s  of  the  clieck  to  the  nearest  low  phiee 
in  the  levee.  The  object  i.s,  of  coui*se,  to  move  the  most  earth  with 
the  h'a.st  haul,  yet  at  the  same  time  to  Iniild  a  levee  of  niiiforin  I'ross 
.section.  When  the  levee  surrounding  any  cheek  bus  been  built  to  its 
desired  size,  the  cheek  inclo.sed,  if  the  sei-aping  ha.s  been  don<'  intelli- 
gently, will   be  neui-ly   Icvrl,  -n  that   but   little  mori'  wm-k  with  the 

_  rfr   _ 
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Ki(i.  4. — <'!>>».*  fcet^tinii  of  li'Vf-i*  wilh  wide  >i«sf. 

scraper  will  be  ret(uire(l  to  true  up  the  surface.  The  more  nearly 
level  the  bottoms  of  all  checks  are  made  the  more  ea>ily  will  the 
water  when  admitted  euvei'  all  ijortions.  On  new  soil  which  has 
never  been  saturated  it  i>  not  neeessaiy  (o  complete  the  leveling 
before  the  lirst  application  of  water,  for  the  reason  that  all  new  land 
settles  more  or  less  after  tir>t  being  saturated,  and  the  final  leveling 
should  be  left  until  after  this  .settling  has  oi-eun-ed.  The  >Tirfaec  of 
each  cheek  should  \k  brought  is  near  to  a  uniform  h'Vid  a-  pn.ssible. 
In  one  of  the  square  cheeks  shown  in  figure  3  twenty  live  or  thirty 
readings  with  the  instrument  taken  at  rutidoni  oier  the  check  showed 
the  maxiinitin  variation  in  level  to  be  leas  than  li  inches.     When  a 
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.stream  is  turned  into  such  a  check  the  water  soon  spreads  over  the 
entire  area  and  the  irrigation  is  accomplished  wilh  a  small  amount  of 
water.  With  level  checks  only  a  small  depth  of  water  is  brought  to 
iM'aron  the  levees,  and  the  danger  of  breaks  and  washout-  is  maleriaily 
reduced. 

The  dili'erenee  in  elevation  between  adjacent  checks  will  delernune 
the  height  of  the  levees.  The  crest  of  the  levee  se]iaruting  two  checks 
should  stanii  «  or  l<t  inches  above  the  level  of  the  higher  check.  Its 
top  width  should  be  not  less  than  2  feet,  and  it*i  bottom  width — say 
for  a  l-foot  levee — should  be  at  least  15  feet.  Such  a  levee  (tig.  4) 
has  ea.sy-sloping  sides  and  rounded  top,  over  which  all  farming  imple- 
ments may  easily  pass  in  any  direction  and  on  which  ciop-  will  grow 
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without  (lifKciihy.  In  huth  of  the  tlistrict.s  Ipvpps  liuvi'  Jk'Pii  given  a 
niirrow  liasf  and  steej)-slopiii<j  sides  (titj,  .">).  If  tins  has  Uvn  done  to 
avoid  eiKToaohinof  upon  tho  urea  of  the  cheek,  an  unwise  move  has 
lieen  made.  \Vhere  levees  are  steep  sloped  with  narrow  l)a.se,  no 
iniph'inent  can  lie  taken  over  them  without  danger  of  (hiinagiiig  the 
levees  as  well  as  the  implement,  and  no  crop  will  grow  on  sucli  a  levee. 
The  chances  of  the  levees  breaking  underwater  pressure  are  increased 
bv  theii'  diminished  cross  section.  Levees  huilt  hroad  and  low  form 
no  olistruction  in  the  Jield;  tla'\"  are  more  lasting,  and  owing  to  their 
flat  slope  the  crop  grown,  if  it  he  like  alfalfa,  will  entirely  cover  the 
levees,  and  the  whole  area  of  the  lii'ld  is  niadc  prn<lnctive, 


KI.STUI BUTINli    LATK KA I ,.S. 

The  loojition  of  laterals  will  Ik-  govci  ncd  \>y  the  chameter  of  the 
slope  of  the  ground.  On  light  soils  a  grade  of  'J  or  S  feot  per  mile 
should  lie  the  maxinuuu.  In  genenil,  the  best  results  will  be  obtained 
if  each  check  is  supplied  directly  fron)  a  lateral.  Such  an  arrange- 
ment i.s  shown  in  ligure  ti  (p.  liil),  each  check  being  Hooded  <lireetly 
from  the  lateral  that  forms  a  portion  fif  its  boundary.     In  practically 


Flo,  6.— Cro»  M'l-ttoii  i"f  wi-llmB<Ie  latrn... 

all  cases  such  an  arrangement  of  laterals  is  possil)lc.  and  where  the 
exjx-nse  of  const  iiutiiig  the  extra  cliannels  re(|uired  is  not  prohibitive 
this  plan  >houtd  he  adopted.  In  eases  wlicic  it  is  necessaiT  to  supply 
one  check  through  another,  a  broad  shallow  depression  across  tlie 
check  throuirh  wliich  the  water  is  to  be  carried  will  confine  the  How  of 
the  stream  and  lead  it  to  the  check  to  be  watere<l  without  its  spread- 
ing over  the  bottom  of  the  higher  check.  If  this  depression  I>e  made 
10  or  12  feet  wide  and  4  to  -^  inches  deep  atui  given  just  enough  slope 
to  dniin  nicely  toward  the  lower  check  gate,  the  crop  will  cover  the 
sides  and  Ixjttom  of  the  channel,  and  all  implements  will  cross  it  with- 
out inconvenience. 

In  the  construction  of  laterals  the  s<'raper  i>  wctrketl  at  right  angles 
to  the  line  of  the  lateral.  a.s  shown  in  Plate  III.  figure  2.  The  earth 
to  form  the  banks  i>  taken  fn»m  the  boltDui  of  the  channel  an<l  from 
the  liigh  [nirts  of  adjacent  checks.'  In  figure  •>  a  good  section  for  an 
ordiinirv-sized  lateral  is  shown. 
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SETTING   CHECK   BOXES. 

\'!ifi()iis  foifiis  cil'  clicck  Uoxos  lire  used,  tlic  size  depending  on  the- 
uiiioiiiit  of  wiiti'i'  to  111'  roritrollcd.  Servicoitliic  l)0.\e.s  ctm  1k>  m;i<li'  nf 
1-int.lj  tn- Ji-itK'l)  liinilier,  with  '2  hy4  framing  tiniltei's.  If  nuulc  of  ii'd- 
wood,  such  boxes  .should  last  ten  to  twelve  years.  Whatever  tiie  style 
of  box  used,  it  shuuld  be  f»n  roiwtrneted  iiiul  jnnldlrd.  when  set  in  (lie 
i»aiiliH  of  tile  hileral,  an  to  withstanc!  the  ijfreatest  pressure  of  wiiler 
that  will  be  brotiyht  to  liear  upon  it.  Fliisldtoards  should  he  made 
of  2-ineh  lumber,  preferably  li  iriehes  wide.  With  this  thickness  of 
luuilwr  tin-  boanls  will  not  warp  out  of  shape  when  left  in  the  sun. 
In  settin{(  boxes  the  floor  sinmld  be  placed  in  or  li'  inelias  below  the 
level  of  the  eheck  to  lessen  the  liability  of  the  watei'  washinjr  under 
the  boxes  as  it  leaves  the  lateral.  For  averajje  land  jxoik]  ehcLdv  bo.xes 
can  be  provided  for  from  i^  to  !?o  ])ev  acre. 
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COST  in-  riii-;cKi\(!. 

No  exact  estimate  can  be  given  of  the  expense  of  cheekin]^',  us  '.lie 
price  will  vary  witlely  with  the  character  of  tln'  land.  For  contour 
checks,  the  cost  of  buildinjr  levees,  levelini;  tlx'  ehec-ks,  and  construct- 
in<r  latei-.Us  will  avi'fajre  aluait  SfiT  or  !!*M  per  acre  on  ordinary  land, 
includinj^  surveyinijat  :iO  to  30  centH  per  acre.  Check  Iwxes  at  1^ 
to  !(!;"»  per  acre  w<Ht!d  brinjf  the  total  expense  u|i  to  i^lli  <)r  St.^  per  acre. 
In  building  recliuigular  checks  on  uiuforndv  sloping  land  one  man 
with  four  horses  and  a  scraper  viui  check  and  level  at  the  nifc  of  1  aci'e 
in  two  to  two  and  one- half  days.  In  <'xi'cptional  eases  one  man.  if  the 
ital  be  (piitc  sim)olli,  can  do  tliis  work  iit  the  rate  of  an  acre  a  day. 
This  would  not  inchidi'  the  construction  of  hiterals. 


GROUND-WATEK  RECORBS. 


Experience  in  other  irrigated  sections  justifies  the  presumption  (hat 
sooner  or  lati'r  the  level  of  the  Lrround  water  underlying  the  surface 
of  the  soil  in  .Modr-sto  and  Tiulock  districts  will  rise  in  jilaces  to  the 
])oint  of  injmy  to  cro])s.  Wlien  this  takes  place  the  saturated  litnd 
will  have  to  be  cither  drained  or  almndoned.  Some  data  were  collected 
in  llHi-t  to  ascertain  the  ground-water  conditions  in  these  districts, 
with  a  view  to  indicating  the  ilirection  in  which  the  peo|)le  of  these 
districts  will  need  to  t«ke  .steps  to  forestall  injury.  Resides  obtaining 
miscellaneous  figures  as  to  the  rise  of  the  ground  water  in  both  dis- 
tricts since  irrigation  Itegan,  systennitic  records  were  olitained  weekly 
during  the  .seu.son  from  15  wells  in  Modesto  di.strict.  These  wells 
were  scattered  in  a  lini'in-  distance  of  ;{(i  miles,  extending  from  Modesto 
east  along  the  ^^'aterford  road  to  Waterford;  from  Modesto  north 
along  the  Mclienry  road  to  the  farm  of  Mrs.  I.  T.  liangs:  from  the 
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.Southern  Pacitic  miiiii  tnu'k,  near  Sjilida,  we.-^t  aloncj  the  McNeal  roiid 
to  till"  farm  of  Mr.  A.  Shearer;  and  from  Mo<lest<)  west  iiloiij^  the  Maze 
road  to  tlie  farm  of  Mr.  C.  D.  liiitler.  The  liist  riiea.siircment>i  were 
made  in  Ajiril  and  May,  and  tlie  la.'^t  ones  in  Ortoher,  except  that  some 
of  the  volunt«i-y  oli.servers  failed  to  send  any  reports  for  the  hist  part 
of  the  season.  The  tahle  helow  .shows  tlie  results  of  tlie.se  measure- 
ments by  months,  the  names  of  the  oh.servers,  and  the  location  of  the 
well.s.  The  lii^ures  for  each  month  repre.sent  the  maximum  ri.s(>  dur- 
ing the  month,  but  do  not  show  tho  fluctuations  from  week  to  week. 

IhbU  thawing  rite  of  ground  water  in  1904,  in  tedioni  of  the  Modetto  Hrigaiion  Uittrici, 
as  iiidicaUd  by  reporttfrom  IB  welh. 
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The  last  column  in  tlie  table  shows  that  there  was  a  net  rise  for  the 
season  in  all  but  3, wells,  and  that  the  tfreatest  net  ri.-^e  in  an\'  of 
the  15  wells  was  3.4.T  feet,  on  the  farm  of  Mr.  C.  M.  .Maze,  I  mile 
west  of  Modesto.  This  well  is  within  onc-fotirth  mile  of  a  main  lateral 
and  near  hin<l  that  was  iixijjated.  The  well  on  the  Davison  farm, 
reported  by  Mr.  .1.  A.  Tiirpen,  is  within  a  few  hundred  feet  of  Tuolumne 
River  and  shows  no  results  of  value.  Tlie  wells  ie|K)rted  by  .Mr.  U.  G. 
Bradley  and  Mr.  E.  M.  Wehh  are  oul.side  »»f  the  irrigation  district, 
but  within  one-half  mile  of  Modesto  canal.  The  casing  in  the  well 
repoi-ti'd  by  Mr.  H.  C.  Campbell  is  of  new  galvanized  material,  with 
soldered  joints  whii'li  rut  otf  connection  with  surface  water,  and  no 
change  was  shown  throughout  the  season.  Five  of  the  wells  showed 
u  net  rise  for  the  sea.Min  less  than  the  maximum  change,  indicating 
that  the  level  of  the  giound  water  began  to  recede  toward  ihe  end  of 
the  sea.son  when  the  amount  of  water  carried  in  the  canals  and  apfdied 
to  the  land  decreased.     In  no  i-a-sc  was  the  rise  very  marked. 
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Mr,  D.  p.  Howell,  fornifrly  a  well  borer  of  consicleriihlc  cxjjorionoe 
in  McKlesto  and  Turlo<k  di.strit-Ls.  states  that  up  to  the  fall  of  15»03, 
and  since  water  was  turned  into  Turlock  ranal  in  19(H,  there  has  been 
a  rise  in  the  ground-water  level  itt  ]Kirt.M)f  Turlo<'k  district  of  lf>  to  IS 
feel.  Shortly  after  inakinc.'  the  oiisiivation.s  on  whioh  this  slatement 
was  l>ased.  water  was  out  of  Turlock  eanal  for  two  months,  and  dur- 
ing this  time  the  boring  of  5  wells  showed  that  the  watei-  level 
returned  to  nearly  its  origituil  level.  Mr.  P.  \V.  C'hristonsen,  engi- 
neer on  the  Bald  Eagle  nineh.  o  miles  north  of  Modesto,  reports  that 
when  watei'  was  first  tui-iied  into  Modesto  eanal  in  ISK).^  Ihf  water  in 
a  well  on  this  i-atieh  rose  l..">  feet  in  three  weeks,  and  that  the  rise  in 
the  nine  months  prior  to  October,  lit(i4,  was  7  feet.  The  main  eanal 
of  Modesto  distriit  is  onc-lialf  mile  from  this  well  and  the  well  is  in 
the  center  of  an  iriigiiled  tract  on  which  a  large  amount  of  water  was 
used  in  l!»o4.  The  most  dangerous  rise  of  ground  water  so  far  has 
Ijeen  in  sections  of  Tuilock  district,  where  water  has  been  used  since 
1902.  According  to  the  reports  of  a  iniml>er  of  old  settlers,  the  water 
levels  in  the  wells  around  Turlock  originally  stood  '20  feet  Ik-Iow  the 
surface.  Measurements  made  in  11*04  showed  it  to  be  within  7  to  9 
feet  of  the  surface.  Water  has  been  ritiming  in  lateral  No.  4  of  Tur- 
IfKjk  canal,  one-half  mile  north  of  Turlock,  for  three  seasons,  and 
from  2l>Cl  to  .inu  acres  have  been  irrigated.  Nearer  this  latei-al  water 
was  found  within  H  to  ;>  feet  of  the  sui'face  in  OctolK-r,  l!tn4.  and  it 
has  also  been  found  within  a  few  feet  of  the  surface  in  other  parts  of 
the  district. 

While  the  data  given  iilwve  are  incomplete  they  are  suHicient  to 
show  that  the  problem  of  ground  water  is  one  that  already  demands 
the  attention  of  the  people  of  these  districts.  The  soil  is  generally  of 
a  san<ly  nature,  allowing  water  to  percohite  raJ^idly  from  canals  and 
laterals,  and  encouraging  the  use  of  excessive  amounts  of  water  in 
irrigation.  The  surface  soil  is  as  a  rule  underlaid  with  a  hardpan 
layer,  varying  in  liai'Une,-.s  and  thickness,  sometimes  apjK-aring  on  the 
surface  and  sometimes  found  5  or  IM  feet  and  even  more  below.  The 
uneven  plane  of  this  hardpan  liiyer.  us  well  as  its  uneven  texture, 
s(*me  being  fairly  iuiperv  ious  aiitl  some  rapidly  softeniiig  when  wet. 
will  cause  the  ri.se  of  the  wati-r  plane  to  be  more  (pronounced  in  some 
sp«jts  than  rn  others,  as  it  will  also  cause  the  immediate  effects  of 
excessive  irrigation  to  vaiy  with  locality.  The  danger  will  of  coui-se 
first  appear  in  the  lower  sections  of  the  districts  where  water  is  nat- 
urally not  far  below  the  sui'face.  In  the  higher  sections  it  will  be 
first  evitlerit  along  canal  and  lateral  banks  and  in  the  depressions. 

It  is  without  doubt  one  of  the  legitimate  functions  of  the  district 
organizations  to  watch  the  rise  of  the  ground  water,  and  it  is  believed 
that  it  will  make  no  mistake  in  taking  steps  to  do  so.  If  every  farmer 
would  watch  the  water  level  in  his  own  well  and  report  to  the  district 
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iiutlioritios.  tho  Inhor  and  cost  of  this  would  lie  ifrcutly  reduifd.  Pie- 
ventivf  tiicasiircs  jirior  t<»  iiijiUT,  such  as  the  IfssiMiiiiij  ul"  l('iikao;i>  from 
canals  and  tlie  lessening  of  waste  in  inijfiition  and  drainai»-('  after 
injury,  wilt  Ito  tields  of  effort  in  whii'li  t!ie  distrift,s  will  Ue  ronijjelled 
in  .self-defense  to  exercise  .such  prernyutive.s  in  these  regards  as  I  he 
irrigration  district  law  j^ives  them.  The  prevention  of  lpakai,'e  and 
waste  is  unquestionably  l)oth  a  Tij,'ht  and  a  duty  of  the  di.stiicts,  and 
the  getting  of  restdts  in  drainage  would  lie  greatly  siuiplilied  if  the 
irrigation  district  law  were  amended  to  permit  joint  action  in  drainage 
without  any  ad<lit4onid  organization,  sueh  as  tfie  drainage  law  of  the 
State  requires.  Some  kind  of  etl'*'clive  cooperation  in  drainage  will 
eventually  lie  neces.sary  in  these  districts  and  it  would  seem  to  be  an 
nnnece.ssary  eomplirntion  to  r)rganize  <lrainage  districts  for  that  pur- 
pose, which  is  the  method  provided  l>y  law.  when  the  irrigation  dis- 
tricts already  provide  the  neces-sary  organizations. 

THE  DISTRIBUTION  OF  WATER. 

Modesto  and  Turlock  districts  have  hefore  thi  in  no  small  task  in 
devising  systems  of  water  distriliution  that  will  result  in  the  eoo- 
noniioal  and  jwst  division  of  water  among  their  many  irrigators. 
Especially  is  this  true  Kecause  such  system>.  if  efTective.  will  require 
the  active  and  husincss-likecoopenitiun  of  .several  hundred — eventually 
several  thousand-  individual  fanners,  mostly  uul mined  in  the  ordi- 
nary nielliods  of  hu>iin'ss  and  unused  to  working  together  for  a 
c<iminon  puriM>se.  These  men  have  not  otdy  to  learn  liy  experience 
and  careful  study  what  distrihutive  systems  are  Itcst  suited  to  their 
needs  and  concUtious,  Imt  perhajis  more  ditlicull,  they  have  to  learn  to 
.stand  bj'  each  other  and  their  oiKcers  in  carr3ing  into  effect  the  sys- 
tems they  choose.  Each  imlividual  irrigator  is  conscious  of  his  right 
to  help  manage  the  iitruir>  of  the  disti'ict,  hut  is  not  always  carefid  to 
be  sure  of  his  facts  hefore  com|)lainiug.  or,  in  the  face  of  complaints 
from  others,  to  stand  by  the  idlicer.s  he  helps  to  elect.  Very  natuially 
the  i-esult  is  not  always  hap])y.  lu  fact,  it  clearly  indicates  that  if  the 
relations  la'tween  the  irrigators  and  tlu*  distriliuting  ollicials  are  to  be 
congenial  and  the  highest  iiossiMe  duty  is  to  be  <ititained  for  the  water 
<if  the<lislricts  improvements  in  distriliution  will  have  to  be  made.  It 
is  a  settled  rule  in  business  that  no  enterprise  of  magnitude  can  suc- 
ceed without  system.  There  .stu-ms  no  rea.son  why  Modesto  and  Tur- 
l(H-k  districts,  with  $2.oOO,tiOn  invested  in  canals  that  cover  a  quarter 
of  a  million  acres  of  fertile  land,  are  exceptions  to  this  rale.  So  far, 
however.  Turlock  district  has  not  even  equipped  a  district  office  nor 
furnished  the  superintendent  with  the  conveniences  neces.sary  for  the 
conduct  of  his  work,  and  tbi.s  despite  the  fact  that  water  has  been  in 
Turlock  canal  for  four  .seasons.     It  is  believed  that  the  irrigation  and 
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difiinago  invfstigutions  can  do  Jlndpstn  nnd  Tiirloi'k  districts  no 
{/rcatcr  stni^lc  service  tliuri  to  iirfjc  iiir>ii  tlicni  ttic  ncces.sity  1'*>r  <ifiviiij:if 
greater  attention  tliiiii  they  have  in  the  past  to  the  debiils  of  water 
di-itritmlion.  While  it  is  tnu'  that  water  in  same  anionnt  can  iie 
delivered  to  some  of  the  farniers  without  any  system  and  that  in  some 
wa\'  or  other  crops  can  he  raised  iind  settlement  increased,  tJiere  is  no 
jjlainer  fact  in  connertioii  witli  these  districts  than  (hat.  withont  care- 
fid  re^rard  to  what  hecomes  of  the  water  divei'ted  Iiy  tin-  i  anals  and  to 
the  methods  liy  which  it  is  divided  and  applied  to  the  land,  these  dis- 
tricts will  fall  far  short  of  tlieir  opportnnity  to  nrake  this  section  one 
of  the  most  attractive  places  in  Califui'nia  for  the  farmer  of  sunili 
means.  So  far  the  cost  of  water  in  these  distiicts  has  !>een  much  less 
than  in  most  irri<;ated  sections,  and  eventually,  as  the  honds  are  paid 
off.  the  cost  will  (lecreiLse.  With  the  careful  use  of  water  and  sensilile 
cro|ipiny  and  methods  of  i-nlturc.  a  vviiie  ran]^e  of  products  can  he 
fjrown.  Markets  for  the  purchase  of  supplies  are  close  at  hand,  and 
facilities  arc  ample  for  the  trans[H)rtation  of  the  proilucts  of  the  irri- 
•T.itod  farms.  There  is  no  more  stable  In-anch  of  afrriculture  in  tlie 
West  than  the  raisinjif  of  beef  and  dairy  cattle,  and  there  is  no  exten- 
sive area  in  California  better  suiti'd  to  it  than  these  districts.  The 
climate  is  healthfid,  even  if  sliu-htly  o|)pn'ssive  in  some  of  the  sunniier 
months.  !uid  fjood  land  is  plentiful  ami  can  be  purchased  at  reasonable 
ti'furcs.  'I'herc  is  opportnuily  for  every  farnu'r  to  raise  the  piincipal 
staples  and  some  of  the  luxuries  of  his  home  food  siipply,  and  there 
are  suiiicient  near-by  markets  to  absorb  the  surplus  <d'  the  poultry 
yards  and  vcffetable  iriirdens.  With  the  opportutdlies  of  bnildinj^  up 
thrivinjf  rural  coummtuties  wliicli  these  natural  atlvantjres  oiler,  the 
districts  would  tiircly  fall  far  shoil  of  their  duty  if  they  hindered 
fiitiirt-  proj^-rcss  by  failiiiij  to  jjrovide  the  machinery  for  economical 
water  distribution,  a  needed  assurance  to  intendintf  settlers  that  ihev 
will  be  protected  in  their  rif^ht  to  an  ample  water  supply. 

It  is  liclieved  that  the  first  essentials  of  distributing  systems  for 
these  districts  are  records  of  the  amount  of  wafer  being  diverted  and 
used,  and  of  the  tinn"  and  amount  of  water  delivery  to  ii-rigiitors. 
These  records  can  be  kept  imder  the  direction  of  the  superintendents 
by  the  cjiretakers  and  ditch  riders  along  the  canals  and  laterals,  and 
with  slight  exjwnse  to  the  districts,  except  that  to  naike  them  of  \alue 
they  will  have  to  he  gathered  on  forms  furnished  by  the  districts,  in 
strict  compliance  with  instructions  from  the  superinteniients,  and  later 
systematically  tiled  in  the  district  ollices.  Tlie  records  showing  the 
amounts  of  diversions  from  the  Tuolumne  will  aid  in  establishing  a 
detinit*>  water  right  for  the  districts,  and  when  compared  with  the  areji 
irrigated  ami  the  area  to  be  irrigated,  will  give  an  index  of  how  much 
diversions  will  have  to  increase  or  how  much  use  will  have  to  decrease 
before  all  of  the  land  in  the  districts  can  receive  water.     Records  of 
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till-  diiily  iliviTsifins  from  the  nutiii  runiiU  liy  tlir  l!iti'nil>  will  d'll  if  tlio 
tliilfictit  sections  !in>  icfciviiij;  llie  (iroiiortiotis  of  llir  siipjily  dtu'  tlioui, 
and  «ill  111-  :i  (Iclinifc  i^tiidc  fo  tin'  -uix'riiitcmlouts  mirl  fiitfli  riders  in 
dividing;  water  iiiiionir  the  irriirsitors.  Hcrords  of  t!io  tiiiu'  wutor  is 
di'liviTi'd  to  <';u-li  ii'ri},';itor  and  of  the  iuiiount  of  Itiiid  widcrcd  \>\  riich 
farmer  at  eaeh  irri<^ati{)n  will  furnish  evidence  to  the  siijMM'intfjidents 
tliat  ditdi  riders  are  oi'  aco  not  doiuu'  thcii'diity.  and  will  lie  an  otficial 
liosis  for  scttlinj:  disputes  with  irripitors  as  to  wlietlier  lliey  have 
received  their  just  share  td'  the  supply.  If  ennipiled  anti  puhfished. 
these  records  will  lu-  a  ifuide  to  new  settlers  in  the  distriets  as  to  the 
amounts  of  wat4'r  it  is  customary  to  apply  to  the  various  crojis  raiscfl 
in  the  districts.  They  will  also  awaken  an  interest  among  the  farmers 
in  thealTairsof  the  disti'iiis  whi<'h:dniost  no  ottierairency  would  arouse. 
A  l>ec(inning  was  ituidi-  in  ifatheiiajr  tla^se  records  in  inn4  hy  ihf  irri- 
gation and  drainage  investigations,  and  the  fa\dr  with  which  they"  were 
received  by  the  irrijrators  and  the  deduetions  po>sil>le  from  them  are 
adequate  pnxd'  ttiat  the  districts  will  nuike  no  mistake  in  continuing 
them.  These  records  show  for  ll»04  the  daily  diver.sions  for  hoth 
Modesto  and  Turlock  canals  at  La^raiii.''*'  dam.  the  amounts  entering 
hoth  distriets  each  day  lii'  miles  helnw  the  dam,  atrd  the  amounts  used 
on  lateral  I  in  .Mtxlcsto  district  and  on  lateral  3  in  Turhx-k  district." 

The  kee[)ing  of  record.s  is  not.  huwe\ei-.  all  (here  is  to  a  distrihuling 
system.  There  must  first  he  a  basis  that  determines  h()W  nineh  water 
each  irrigator  shall  receive.  The  law  under  whiih  tin'  districts 
operate  pi-ovides,  in  section  IS.  "that  all  waters  distiibiited  for  irri- 
gation pui'poses  .-hall  he  ap|)ortinneil  ratably  to  eiudi  landowner  upon 
the  basis  of  the  ratio  whicii  (he  last  a.sses.Hnient  of  such  owner  for 
district  pui'poses  within  said  disti'ici  hears  to  the  whole  sum  assessed 
ui>on  the  district."  Without  accuiate  measuring  facilities  at  the  head 
of  each  farm  lateral,  which  can  not  he  found  at  prenent  in  either  dis- 
trict, the  letter  of  this  law  can  not  l>e  followed,  and  the  residt  is  that 
in  practice  no  attention  is  jrjvcn  to  it.  Instead.  watCT'  is  distributed  in 
proi>i>iiion  to  the  area  being  irrig:ited,  which,  so  far  as  the  irrigators 
on  any  one  lateral  are  coiirerned.  and  barring  tine  points  of  exact  jus- 
tic*,  is  certainly  lln-  more  sensible  and  more  feasible  plan.      It  would 

"Sinct;  tlie  ulx)ve  was  written,  Mixlcslo  irrif^atiim  »li»trict  ha" adopted  fomiB  forthe 
keepinp  iif  reciinl^  of  witter  ilelivery  ami  use  in  aci'inlurice  with  jiiiyKeftiouH  Iiy  Ihe 
irrjjmtion  and  drainnpe  invcslipUUuis  and  Ibc  sa]ierinU'Milt'tit  uf  tlii>  di.itrict.  These 
fonnt*  are  for  keeping  ilaily  n-iwnls  (1)  i>(  the  amount  of  water  diverted  l)y  iMiMle«to 
eanul  at  I^a^rant;!*  dani,  (2)  of  the  atnuunt  reuchin);  the  district  line  near  Wiiterford, 
(;t)  of  the  amount  diverted  from  the  nuihiranul  l>y  eiU'h  Intend.  (4)  of  I  he  time  water 
if  delivere<l  to  eacli  irrigator,  and  (5|  nf  the  work  [HTfonneii  by  encli  ditch  tender. 
IC«('h  ditcJi  tender  icproviile*!  with  a  liook  for  keeping  thereeonls  and  witli  cards  anil 
blanks  for  forwarding  weekly  rep<irt8  to  the  superintendent,  anil  the  latter  are  to  lie 
lile<l  in  the  Modesto  irriiwtion  di.striet  olliee  in  Modesto.  These  several  fonns  are 
8ho«  n  at  the  end  of  this  rejMjrt.     (See  pp.  IH7-18H. ) 
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1)C  i)uito  (lillicult  ut  jvr(»i('ii(  (nmi  U>  ]>r<'|)iifo  ii  schcdiili'  of  dfliviM-y 
lljat  Would  fulkiw  llif  tetter  of  ihv  hiw  and  yi\e  water  ((.»  cnch  land- 
holder in  jiropoition  to  the  taxes  paid  b}-  each,  especially  considering 
timl  iK>  wiiter  whatever  is  now  needed  or  de.sired  for  a  hirife  part  of 
tlie  land  witliiii  the  districts.  A  teiMpor'ar3-  disre<,'ar(I  of  that  part  of 
the  law  providing;  for  this  hasis  will  work  no  hardship,  nor  will  it  be 
likely  to  cunso  any  ditlicnlty.  l>e<iuis<>  in  a  new  s»>clion.  where  the 
water  supply  is  not  sevei-ely  taxed,  id!  exjiect  to  {jive  and  take  for  the 
common  ytxid.  It  shnnld  tiol  bi-  forijotten,  however,  that  practice 
eventually  ln'ec>incs  settled  pulicy.  which  it  i^  always  ditlicult  to  chan^.^e. 
If  it  ajipcurs  clear  that  water  can  not  Iw  distributed  in  irriyration  dis- 
tricts in  proportion  to  assessments  paid  (and  experience  in  Modesto 
and  Tiirlock  districts  slitndd  in  larji'o  part  he  conclusive  as  to  this),  an 
effort  certainly  should  Ih^  made  lo  have  the  law  ciianijfe<l  to  proviile  a 
basis  of  division  that  can  be  followed.  Xo  matter  bow  impracticatde 
of  application  a  law  may  be,  when  water  becomes  more  ditlicult  to  jret, 
and  hence  more  ^'iltuabll^  sonic  one  will  be  certain  to  demand  the 
strict  enforcement  of  tlie  law,  repirdless  of  what  niav  be  the  conse- 
quences to  othei's.  Such  has  l«'en  the  lesson  of  irri>riilion  throii<.'Iiout 
the  West.  Modesto  and  Turlork  districts  will  take  no  uiuiece>.s}»rv 
precaution  if  they  fcM-cstall  any  sucli  result  by  seeing  to  it  that  the  law 
and  the  fact  coincide. 

The  ([ucstion  of  whether  water  Nhould  be  (list  ributed  <m  a  lime  lm.sis, 
or  whether  eacli  irrijrator  shoidd  receive  a  small  H<)W  continuously,  is 
buin^'  met  in  a  practical  way  in  Modesto  and  Turlock  districts.  As  a 
rule,  each  irri^rator  is  allowed  a  "head"  of  water  for  a  leuj^'th  of  time 
in  i>ropc.rtiou  lo  the  number  of  acres  he  is  waterinjr.  In  Modesto  di.s- 
trict  the  head  is  consiilered  to  be  It  cubic  feet  of  water  jjer  second,  and 
the  rules  provide  that  no  irri^tor  shall  be  allowed  sui-h  a  stream  for 
more  than  one  liour  for  each  acre.  In  Turlock  district  the  head  is 
made  li  cuIjIc  feet  of  water  per  se<-onil.  which  is  allowed  for  one  hour 
per  acre,  except  in  time  of  low  water,  when  the  rule^  provide  that 
proportionately  les>  shall  be  ;riven.  If,  instead  of  the  usual  head  for 
K  bmited  time,  irrigators  raising,'  garden  truck  or  ..ther  crops  requir- 
ing frequent  watenng  desire  a  small  stream  runnino  continm.uslv.  an 
effort  is  always  made  to  suppU  it. 

As  a  „,Htter  of  fact,  while  the  "  heads"  mentioned  alx.ve  are  pro- 

hen  *'':^!  .'"""■"'■^  ^^ '"  '"'•■•>•  ">•  ^vl.at  the  ditch  tender,  can  deliver  to 
he  rule  VT'""  1"'"'""  "''^'■'•^"  "'"'^■"  -'^> '•'••<'W  the  limits  set  in 
levices  at  tb     ,    T     r  r  '"  ^^'"^'  '"^^■*'"'^''  '^''^  ""-^^  ""  "'.■asuring 

»eces«a,3  fo.  the  d,.stnct«  to  insist  on  having  such  nu>asuring  devices. 
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This  will  Im>  (l(MimiukMl  not  only  liy  tlio  illtf'^L>^^t^  nf  the  itnlivichiiil  irri- 
pitors,  hut  also  by  tlu'  intcri'sts  of  the  wholn  nuiul)or  of  irritrtitors 
ropiv.sfiitod  hy  thf  (iistrirt-*.  If  pxperieiirp  of  irrij^ators  elst'where 
is  any  puidc  to  whtit  will  ln-st  prcsci'vo  liunuony  in  Moflosto  und 
Tiirlock  distrii'ts,  each  (iistrict  should  donmiid  as  nearly  tmifonn 
nieasnrintr  devices  as  it  will  he  pnicticahlo  to  install.  This  the  districts 
iin(|uestionutily  have  authority  under  the  law  to  do.  Not  oidy  should 
these  mea.-uring  <levi<-es  he  uniforiu.  hut  they  slundd  niea.surc  with 
approximate  accuracy.  It  is  helieved  that  it  is  pructicahle  to  install 
such  devices  in  nu>st  of  the  farm  laterals.  Many  such  de\iccs  have 
heen  desi};;iu'd  in  the  West,  hut  few  have  jiroved  entirely  satisfactory. 
What  is  the  most  satisfactory  type  it  is  not  now  possible  to  determine, 
althouj.d)  it  is  prr>halde  tiiat  lijrht  will  l(e  thrown  on  this  subject  hy 
the  invcstij^itions  of  small  measuring  devices  now  heiriy  conducted  hy 
the  irri^iilion  and  drainaj^e  investieations  in  .several  States  in  the  West. 
When  there  is  sutlicient  j^i-ade  in  thi>  farm  laterals  to  <rive  the  re(piired 
free  overfall,  no  device  is  likely  to  he  desij^ned  that  is  supi-rior  to  the 
Cipolletti  weir.  Oti  many  of  the  laterals  in  Modesto  and  Turlock 
districts,  however,  the  necessary  fall  is  not  available,  and  consci|uenfly 
-ome  modification  of  the  rjitinir  tlutiie  f)r  openinir  iindi-r  pressun-  will 
have  to  be  adopted. 

The  vital  point  in  any  <listril)utinii'  system  is  in  {r*''thii,'  competent 
and  tactful  ilitch  tciulers,  ami  in  pi'ovidin;''  the  canal  superinlendent 
with  sutKcient  ladp.  so  that  their  work  can  be  pniperly  supervised. 
Meii  of  ffood  iu(l}.''mcnt  i-an  divifle  water  with  fair  satisfai'tioii  if  ihey 
are  provided  with  iu»  m<'asurin<;  de\  ii-es  whatever.  (!onstant  practice 
enahles  them  to  estimate  the  desired  "head"  with  a  considerable 
depree  of  accuracy,  ^\'ith  jiro])er  nieasurinir  facilities,  however,  their 
work  is  very  much  more  satisfactory.  If  ditih  tenders  in  Modesto 
and  Turlock  districts  couhl  look  ffirward  lo  promotions  and  increases 
in  salaries  af  definite  times  for  eftii-icTd  and  faithful  ser\ice.  so  that 
there  would  l>c  iniluccinents  for  them  to  renniin  pernumently  iti  the 
service  of  the  districts  and  to  prepare  themselves  for  their  duties,  U 
would  be  {possible  fo  secure  belter  trained  iikmi  than  are  now  employed. 
To  he  thoroughly  compft/cnt  a  ditch  tctuler  chartrcd  with  disfributinf"; 
water  to  irrijrators  should  be  familiar  with  the  ordinary  units  of  water 
measurement,  and  with  the  mon-  simple  niethnds  of  measurenu-nt — 
that  is,  he  should  kufiw  tlie  meaninj^  of  such  conunon  terms  as  '•  miner's 
inch"  and  "  cuf^ic  foot  per  second,''  and  should  be  able  to  install  and 
ll^c  sucli  devices  as  mi'asurinjr  weirs  or  Ihnnes.  He  should  also  under- 
stantl  thorouj^hly  the  basis  on  which  water  is  l)ein{f  divid.ed,  the 
approxinaite  water  re«|uirements  of  the  prin<'ipal  cro]>s,  the  evils  and 
evidences  of  ov(Mirri<:ation.  and  how  to  npi)ly  water  to  land.  With 
this  knowledjjrc,  piactical  experience  in  repairing  breaks,  energy,  tact, 
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and  fiiit!ifulm'Sf<,  u  flitch  rider  i-ould  mulcL'  liiiiiM'lf  tlu'  nio^t  usefnt 
niiiii  ill  tlu'  (■(nimumitv,  and  \iti\  ■  Li.i  advicf.  souj.'-lit  and  fallowed  by 
irriijators.  It  is  not  reasotmbl*-,  liowever,  for  the  districts  to  expi'ct 
1(1  i;i't  mi'ii  with  tlu'sc  iiuiililii-atinns  unless  a  urt-atcr  reward  is  proin- 
i:si'il  than  tin-  pn'sent  wu^c  of  SftiO  a  inoutl),  or  $r>ii  a  ujontli  vvlicre  a 
horse  is  needed.  In  liKt4  Mmle.sto  and  Turlock  distrifts  together 
paid  (Hit  n<it  to  exceed  i»>li>,n(i()  f<)r  tlie  services  of  ditch  tenders  di urged 
with  the  division  of  vvater.  This  water  made  possible  the  production 
of  crop.s  worth  iit  the  least  a  ()uarter  nf  u  million  dollars.  It  is  entirely 
reasonable  lo  su]»pose  that  better  trained  diteh  riders  would  have 
greatly  increased  the  output  of  llie  :i7,<Hiu  ncres  that  wei'e  irrigated. 
An  in<'rea.se  in  value  of  only  25  cents  an  acre  woidd  liavi*  made  good 
a  snbstantial  addition  to  the  salaries  of  (lie  men  who  divided  the 
water,  besides  providing  the  salaries  of  at  least  one  overseeing  u-ssist- 
ant  to  aid  each  superintendent. 

Both  Modesto  and  Turlock  districts  otler  excellent  opportunities  for 
the  organization  of  local  associations  of  water  users,  especially  of  those 
taking  water  from  any  one  lateral  or  sublateral.  Central  associations 
for  each  district  have  already  lieen  formed,  but  it  is  liidieved  that  as 
the  interests  of  the  irrigators  on  any  latenil  orsublateral  become  more 
closely  welded,  as  they  will  when  more  land  is  brought  under  irriga- 
tion, the  irrigjitors  will  find  it  to  their  advantage  to  organize.  The 
main  laterals  will  some  day  bear  the  same  rtdation  lo  the  main  canals 
as  iiidep«'ndent  ditches  on  many  streams  liear  to  tiie  streams  from 
which  they  lead,  and  while  the  interests  and  rights  of  the  different 
laterals  will  always  be  largely  in  comnmn.  they  will  also  he  largely 
independent.  Kxti-avagant  use  of  water  by  a  farmer  nu  one  lateral  may 
not  atl'cct  the  welfare*  of  another  farmer  on  anollier  lateral,  but  it  does 
vitally  atlecl  the  interests  of  every  other  farmer  on  the  same  lateral. 
An  orgjiniKation  of  all  having  this  common  interest  to  prevent  vva.ste 
arid  improve  |»raetice  eonld  accomplish  much  good.  Such  an  as.socia- 
tioti  could  also  deal  asa  unit  with  the  superintendent  in  theapjiointment 
of  a  ditch  tender,  and  it  is  certiiin  that  any  siteh  organized  I'ooperation 
would  be  welcomed  by  the  superint<'n(iciit.  .\n  association  of  users 
on  a  private  sublatenil  could  act  intelligently  in  the  emjiloyment  of  a 
water  master  or  ditch  foreman,  who  could  receive  the  sn]iply  for  the 
entire  sublateral  from  the  ilitch  rider  oa  the  main  lateral  imd  ilistrib- 
ute  it  according  to  the  rights  <rf  all  and  the  rules  of  the  iLs.scjciation, 
subject,  of  course,  to  the  general  legnlalionsof  the  district.  Whether 
such  associations  arc  or  are  not  formed,  it  is  certain,  if  the  most  is  to 
be  made  of  the  water,  that  the  irrigators  will  have  to  lake  an  active, 
intelligent  interest  in  the  problems  of  distribution  and  Iw  ready  to 
coi)penite  nitii  the  supcriiiteiideiit-s  and  ditch  riders  under  them  in  a 
businesa-like,  edective  manner. 
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CONCLUSION. 


Wlu'n  grain  growiiij^  yielded  liirjj;p  ri'Uini.'s.  f)oth  in  hushels  iind  in 
inoiii'v.  and  when  the  ptmjile  were  fi'vv  and  tlic  urcu.s  JiU't^c,  Imnnnzii 
fai'niiiiif  in  San  floacjuiii  \'allcy  whs  tii(>  Sicst  fiirniiiij,''  fi>r  liotb  the 
land  and  the  people  lit'caust'  it  was  the  oidy  fai'ining  piis-sihlii  while 
this  jiruitt  vuUi'v  was  chaajj'inj^  frotii  a  pastnrt'  to  a  farm.  It  denion- 
istruti'd  C'alifnrnia's  worth  a.s  an  ajifiindtural  Stjite  aail  ailvanci'd  her 
well  up  in  the  list  of  wheat  producers  of  the  country.  The  time  canie, 
however,  when  honanza  farniinfj:  wjw  no  Kniffer  protilahh^,  and  when 
the  natural  oppnrtunitcs  of  (lie  valley  could  he  most  nearly  taken 
advantage  of  1>\'  chaajrinf^  it  from  a  lU-liorse  to  a  2-hor.se  countr3'. 
This  ehanije  took  place,  or  is  lakinjr  place,  lalei'  in  the  sections  cov- 
ered liy  Ahidesto  anil  Tnrlock  districts  than  in  some  others  in  the 
valley.  Its  results,  however,  are  already  apparent  even  to  the  hur- 
ried trav  eler.  whose  eye  can  acjt  e.scape  the  refreshinjf  chan»,a'  from 
the  homeless  tields  of  fcrowin^^  grain  or  stuhlde  of  only  foiii-  years  ago 
to  (he  40-acre  and  80-acre  tracts  of  alfalfa,  each  with  its  plain  but 
sukstaiitial  farm  house  and  harn.  and  its  clu'cks  and  lateral  ilitches. 
Intensive  farming,  with  large  returns  from  snuill  areas,  is  taking  the 
place  of  the  «oil  exploitation  of  the  past  half  century,  and  the  people  of 
these  districts  are  face  to  face  with  iin  opportunity  to  create  attractive 
and  prospenjus  communities  that  will  \\r  a  I'redit  to  themselves  and  to 
California.  They  have  practically  tin>  lii-st  right  to  otn'  of  th<'  JMjst 
irrigation  supplies  in  tin-  Stale  a  river  that  in  almost  any  other  irri- 
gated section  woidd  lie  culled  upon  to  till  several  .seore  canals  and 
ditches.  They  have  aoW  that  otl'ers  no  more  than  the  ordinary 
problems  of  cnltur<^  and  maitageiiieat.  and  a  climate  that  is  highly 
favorable  to  neaily  e\ery  agricultural  product  California  will  he  called 
uix)n  to  grow.  But  with  the.se  natural  ad\antage«  thej'  have  serious 
re,si>onsil>ilities.  ]\y  their  own  e>:|K'rienc-e  they  nuist  develop  systems 
of  management  and  crojiping  and  rotation  that  will  simidtaneously, 
and  without  wasteful  periods  of  fallow,  yield  rich  harvests  andcon- 
serve  .soil  fertility;  by  sei'ing  the  evils  of  overirrigalion  they  must 
learn  the  careful  use  of  water;  by  slow  and  trying  tests  of  caiail  and 
water  management  they  nuist  devise  systems  of  water  division  and 
distrilailion  that  will  in>ui'e  each  irrigator  his  just  share  of  an  am|)le 
supply.  .\s  moi'c  tuiid  is  jirepareil  for  irrigation  ami  more  crops 
planted  that  will  reipiire  a  late  water  supply,  reservoirs  will  need  to 
Iw-  const  ru<'ted  on  the  u])per  waters  of  the  Tnolumne,  and  the  districts 
will  be  leipiired  to  face  tlie  prol)lenis  this  additional  -upply  will  entail 
witii  the  .suiic  resolution  that  Wii-s  re(|uired  in  the  buikling  of  canals 
and  diversion  wurks. 

It  is  well  for  .Modesto  and  Tiirloek  irrigation  districts  tlnd  bonanza 
grain  farming  ceased  to  be  profitable.     So  long  as  it  wa-  ptolitatile  tin 
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hotter  thiiijrs  tlmt  watei' aiiH  .-uiiill  iiri-as  umi  ihiif'ly  fjinncrs  wnuld 
I)i'iii>(  could  not  coinc.  A  few  riii'incrs  luul  l)ccnnu>  rich  liy  it,  Imt 
inHiiy  more  were  made  |)oor  itiiil  tln'  towns  were  iiiiitriiisliing-.  The 
iruiijr  ]do\N  and  comhitied  li!ir\e,strr  litid  luiuh-  I  lie  viillev  wimt  it  wiis, 
bill  if  eontiimecl  in  operatioii  tliev  iiroiidsinl  to  ttriiiy  iiliout  its  ruin. 
It  uns  therefore  a  distinct  ei-ononiic  jifain  when  lurjjp  areas  tif  f^ntin 
laix)  were  iricluiled  withiiv  tlie  districts  and  made  lialde  for  taxes  wliieh 
tile  old  style  of  fartnini;  would  not  justify.  The  UreaUing  up  of  these 
areas  is, of  course,  already  imder  way,  and  with  the  present  district 
organizations  in  operation  it  is  inevitable  that  it  shall  contiiuie  until 
the  avera<re  I'anu  luiit  is  -to  acres,  or  even  less,  rather  than  many  times 
that,  as  in  the  j>ast.  It  is  natural,  hovrevcr,  that  there  should  htive 
heen  decided  <i]ipositi<ni  to  any  law  or  any  inyanization  that  I'eipiired 
a  freneral  water  tax,  whether  water  was  used  en-  not.  It  is  also  natural 
that  farmers  who  once  made  fortunes  in  the.se  districts  without  irrii^a- 
tion  sfiould  even  to-day  lie  reluctant  to  learn  the  new  lesson  that  i^ri- 
t^ation  n'<|uires.  Nevertheless  it  is  certain  tlnit  advance  iias  hej^un, 
and  that  this  advance  will  he  ra|>id  or  slow  as  the  settlers  in  these  dis- 
ti'icts  learn  how  to  use  «atei'  cnrefiiUy  and  etleetively  and  hnw  to 
stand  hy  each  other  in  dividing  and  distrihulinjj  it. 


ACKNOWLEDGMENTS. 


In  dosiniy  this  report  it  is  a  pleasure  to  acknowledj^  the  a.ssistance 
and  lielpful  sui^'i^'cstions  of  tlie  otHcei-s  of  ]\Iodesto  and  Turlock  dis- 
tricts, especially  the  superintendents,  Jlr.  II.  S.  Crowe,  of  the  former, 
and  Me.s.si-8.  B.  W.  C'hild  and  L.  ¥.  Hastintfs,  of  the  latter.  Mention 
should  also  he  made  of  assistance  rendered  in  the  liidd  hy  Mr.  K.  \. 
(iihhs.  a  senior  student  in  civil  eiitrineerinjf  in  the  I'uiversity  of  Cali- 
fornia, and  of  the  help  received  from  the  ditch  tenders  in  hot h  districts 
ill  keeping  canal  I'ccords. 


^^       aeli 


FORMS  FOR  CANAL  RECORDS. 

On  recommendation  of  the  irrij^jition  and  drainage  investigations, 
the  forms  ]>rinted  below  hav<'  Iwen  adopted  by  Modesto  irrigation 
district  for  keeping  records  of  tlip.diversion  and  use  of  water.  Foi'iu 
No.  1  rejjresents  a  page  in  the  ditch  tenders'  record  Ixioks  and  is 
designed  for  keeping  track  of  the  flow  of  water  in  the  main  canal  and 
in  the  laterals.  Form  No.  2  represents  one  side  of  a  mailing  card  for 
use  in  forwarding  records  of  the  How  in  the  nuiin  canals  and  laterals 
to  the  superintendent.  Form  No.  3  represents  a  page  in  the  ditch 
tenders'  recoril  hooks  and  is  designed  f<u'  keeping  u  recf>rd  of  the 
delivery  of  water  to  users  and  of  the  daily  work  performed  by  the 
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ditch  tenders.  Form  No.  4  represents  the  sheet  to  be  used  by  the 
ditch  tenders  in  forwarding  to  the  superintendent  weekly  reports  of 
water  delivered  and  work  done. 

No.  1. 

Modesto  iRRKiATioN  Distriit. 

Record  of  gau)^  lieights  in during  niontli  of ,  190 — . 


3. 

4. 

5. 

fi  . 

7. 

8. 

9. 
10. 
11  . 
Vi. 
13. 
14  . 
l.i. 
16. 


Day. 


Tinit". 


Gauge  hciitht. 
'  Tenths. 


Feet. 


Day. 


Time. 


Uniigc  height. 


I     Feet.     I  Tenths. 


Remarks: 


No.  2. 
Modesto  lRRir..\TioN  District. 
Record  of  gauge  heights  in for  week  ending  ■ 


-,  190—. 


Gauge  height. 


Miintli.        Diiy.         Time. 


Hemarks, 


Feet.        Tenths. 


Sunrtny 

Monday 

Tuesday 

Wednesday 
Thursday .. 

Friday 

Saturday 


,      '    ""\  -I  _  ;_  

ruder  *'  Remarks"  mention  tiny  unusual  eonditioiis,  ns  "  flood,"  "  break  in  ditch.'*  etc.,  and  state 
how  long  water  was  out  of  ditch  ami  when.  It  at  all. 
Forward  this  car<i  jiromptly  at  end  of  week. 

(Signature. ) . 
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No.  3. 


Date- 


190—. 


Modesto  Irrigation  DiarRicr. 
Water  delivery  record. 


Time  water     Ti„,e 
UaeiB  rceelvtog  water  tbis  dale.                 l^'hfJT'      water 

.^S?        shut  off. 
gate. 

1 

Number 
Alfalfa. 

of  acres  Irrigated. 

Orchard 

and 
vlneyaM. 

Other. 

;                    1 

i 

1 

t    .           ..           .     1 

. 

Total 1 

Was  supply  ample  or  short  on  this  date?    . 

Work  done  on  this  date  In  addition  to  deliverinf;  wat^:  - 


No.  4,  page  1. 


Section  or  lateral  • 


Modesto  Irrigation  District. 
Report  of  water  delivered  an<l  work  done  during  week  ending  ■ 


190—. 


Number  of 
Users  receiving  water  during  week.  hours 

water  used. 


Number  of  acres  irrigated. 


1    Orchard    , 

Alfalfa.    I  and  vine-       Other. 

!      yard.      , 


Total. 
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No.  4,  page  2. 


"Work  done  during  week  in  addition  to  delivering  water: 
Sunday: 
Monday: 
Tuesday: 

Wednestlay:  , 

Thursday": 
Friday: 
Saturday: 


,  IMtrh  Tender. 

[Indorsement.] 
Modesto  Ikrioation  District. 


Report  of  ditch  tender  on 
for  week  ending ,  190 — . 


KI:I..\TH)X   OF   IRKK'.ATIOX   TO  Yll-LD,  SIZI:.  OlALITY, 
AND  COMMHRCIAL  SUITABILITY  01-  l-"RUlfs 

By  K.  J,    \Vkkj(un, 

yVo/rwor  of  Affrimitural  Practice  iu  the  (hirerslly  uf  Catifomia  imd  IJarliculturitt  of  the 
Califoniin  AgneuUrtml  Exjifrimeitt  •'Sialion. 

INTRODUCTIOir. 

Tn  earlier  pnltlicatum-iof  tlic  IViKirtrnent"  tlio  writer  lias  ontfoavorod 
to  pri.'j)«n'  useful  stateim-iiLs  of  irriijatiim  pf)lteip.s  and  methods  from 
the  pt)int  of  view  of  tlie  irri<rator  hituself.  ^eenriii>r  tlie  data  l)y  careful 
iiKpiiry  from  the  experience  of  seveml  hiuidred  irrii;-ufors  in  ihe 
Pacitic  coa-st  States.  These  imhlieatioiis  have  been  helpful  to  many 
l)Pginiiers  wiio  have  a  slroajf  likitij.'  for  plain  prescrijitiiMis  and  Ihey 
havp  also  hud  a  certain  interest  to  those  conductiuy  special  investiga- 
tions. It  has  seemed  fittinjf  to  pursue  the  iinptiry  aloiitr  the  juiictieal 
side  one  point  fiu'ther  and  draw  frotii  experieiieeil  iri'lj^ators  theii'coii- 
eiiisions  a,>  to  tlieetfocts  of  irrigation  upon  llie  commercial  availability 
and  value  of  fruits.  The  iiKpiiry  had  the  further  oi)ject  of  securinj^ 
jji-autical  suirgestiuns  for  the  assistance  of  tiejrirmers.  The  followini; 
questions  were  prepared  with  the  itloa  of  drawinirmit  experience  upon 
several  lines  of  \aliie  and  iujportance  in  conuuerciul  fruit  production: 

(1)  Can  you  give  weight  or  measure  of  the  i>roduct  of  a  single  irri- 
gated tree  or  vine,  or  per  acre<     Comfnire  with  ironirrigated. 

(•i)  Is  there  any  difference  iji  regtdarity  of  hearing^ 

(3)  How  do  irrigated  and  nuuirrigated  fruits  compare  in  size,  flavor, 
aroma,  and  gener.d  ajipearancei 

(4)  \\'liat  luis  t»een  your  experience  in  shipping  irrigated  fruits,  or 
in  selling  to  shippers  J 

(ri)  What  has  been  your,  experience  in  canning  irrigated  fruits,  or 
ill  selling  to  canners? 

(6)  What  has  Iieen  your  experience  in  drying  irrigated  fruit*,  or  in 
.selling  to  driers i 

(7)  Has  your  irrigated  fruit  won  prizes  or  awards  at  fairs  or  expo- 
sitionsj     If  so.  when  and  wliereJ 

"Farmer?'  Balletin  No.  U6,  "lrri(tafion  in  trail  growing;;"  FBrniers'  Bulletin  Na 
l.'W,  "  Irriiiitii'iii  in  fifld  ami  Ki<"l<"ii;"  ami  linllftln  Xu.  108.  (Uliivof  Kxperinienl 
<SUtiuii»,  "Irrigation  iiruoiice  aniung  I'ruit  (growers  un  the  I'acitic  coafit." 
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(8)  Do  yoii  know  of  fciiits  or  fruit  trws  or  vines  being'  injured  in 
any  wiij'  liy  irriii:(ition  J     ll'sn,  in  what  ri'spci't  i 

The.sc  ijupstions  were  si'iit  to  utxiut  3tio  frrowers  of  irrigated  fruits 
in  the  States  of  Idulio.  \Viisliin»ft«n.  Orctron,  and  C'ulifofniii  unci  to  a 
immlior  uf  sliijipi'i's.  driiTs,  ;ind  fanners  wlio  liud  used  irtifriitci!  fruits 
in  their  trade  or  iiianiifacture.  The  response  from  till  the  uhove-indi- 
cated  interests  wns  very  satisfactoi'v;  a  very  free  expression  of  belief 
and  a  very  ample  cilntion  of  exjxM'ienee  were  seeiired.  It  is  tla-  aim 
of  this  pul>liention  to  dednee  from  this  collection  certain  facts  which 
seem  to  lie  clearly  est^ililishcd  Ijy  experience;  to  enforce  them,  where 
desinihle  for  hcirinners  in  irrigation,  witli  some  accttnnt  of  the  general 
principles  which  underlie  them;  to  jjive  due  attention  to  responses 
which  seem  tocontiwlict  the  prevailinj;  conclusions  on  the  same  points 
and  to  account  for  tfie  diver^jeuce  of  \iews  by  reference  to  dirtcrent 
controlling^  conditions  which  j^ive  rise  to  it. 

The  citjition  of  experience  in  condensed  form  will  follow  as  closely 
as  possible  the  exact  wordinii;  of  the  writers,  whose  tiHines  ai'»'  yiven. 
Tlu>  j^eogniphical  arranj;ement  will  be  in  tri'in'rid  front  north  to  soutii, 
as  previously  followed  in  f{idle(in  No,  lnK(()fKccof  Kxperimcnt  Sta- 
ti<ius).  lo  which  the  reader  is  referred  for  d<'scription  of  the  irrij>-ated 
areas  and  a  map  of  the  distribution  of  irrigiitiou  pi-actice.  That  bul- 
letin also  introduces  the  names  of  many  wlK^  have  contributed  to  the 
])resent  iin|uiry,  and  csdls  attention  to  interestiujtj  features  of  tiieir 
irrijfution  and  cultivation  nn^thods.  In  this  respect  this  report  uniy 
^B         lje  regarded  as  supplementary  tti  [bulletin  No.  lO.S. 


1 


aUANTITY  OF  PRODUCT  AS  AFFECTED  BY  IRRIGATION, 


This  is  a  matter  which  is  really  not  in  controversy  in  its  ifcuei'nl 
features,  for  there  is  a  geiuMal  dispnsition  to  cn'dit  irrij:iition  with 
givatnossof  product;  in  fact  tliisctmcessiorv  isoflcn  tuadc  with  the  view 
of  denying  its  desirability— a  question  which  will  be  iliscussed  later. 
There  is.  however,  a  (|U('stion  newly  broached  and  now  conmtanduig 
nuich  atteidicjn.  viz,  how  fur  is  irrigatinn  desirable  in  regions  of  con- 
.siderable  rainfall,  or,  in  other  words,  hnw  imn-h  water  ciiii  a  fruit  tree 
or  vine  use  to  the  prtitit  of  its  owners  It  is  nn)re  clearly  ;i[nu'ariug 
each  year,  as  Pacific  coast  trees  become  olih'r,  larger,  and  with  greater 
Iteiiring  capacity,  that  more  watflr  is  desirable  than  earlier  in  the  life 
of  the  plant  an<l  tliist  in  the  same  locality  some  waler  in  addition  to  an 
average  rainfull.  and  much  water  in  addilion  to  an  nccasionally  scant 
rainfall,  make  For  the  .strength  and  capacity  of  ihi'  tree,  which  arc 
ntanifcsted  in  the  aggregate  weight  of  the  product.  The  recogiiilion 
of  this  fact  is  carrying  irrigation  practice  each  year  farther  into  the 
regions  where  the  heaviest  rainfall  is  received,  which,  on  tljc  annual 
rainfall  figures  alone,  are  called  humid,      lirally.  the  disti'icts  in  which 
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thp  acJviintjigos  of  iiriifulion are  m)\v  most  wmnilv  discussed  aw  the  <lis- 
tiicts  whiTo  11  few  yeiirs  aj^o freedom  from  irrijjutiim  was  >floried  in.  mid 
in  siudidistrit'ts  tin'  iiiusl  striliiiij^itistuneesof  theconiirierrial  hoiiclitsof 
irri}»'atioii  arc  to  l»o  found.  Tlie  old  cotitrast  fietwceti  tlie  desert  and  tlie 
irrijjateil  uurdiMi  remains,  of  course,  hut  it  is  aceo{>ted  anci  admired  in 
silence.  The  contrast  wliicli  avvid-iens  most  interest  is  that  hetween  the 
product  of  irripitioti  and  that  of  ruin  full  where  tlie  hitter  was  formerly 
held  to  yield  all  the  water  that  ctuiid  he  desired.  It  requires  n  few 
more  years  of  experience  to  multiply  instunees  aloiiy  this  line,  Init  they 
will  he  found  ere  lon^r  in  jjreat  nunihei-s  in  western  ^Vashin^rtun  and 
Oregon  and  in  northern  California. 

In  the  individual  repor-ts  of  uhservation  on  the  intluence  of  irrijifiir- 
tlon  upon  the  volume  of  produce,  all  comments  from  strictly  arid 
l<K-alitics  are  omitted.  Where  it  is  manifestly  inipossihie  to  grow 
fruit  without  systematic  itritration,  the  cunsiilerations  which  it  is 
aimed  to  develop  in  this  connection  «lo  not  appear,  hecause  the  use  of 
ii-ri«ration  is  essential  to  any  priHluce  at  all.  The  comments  of  cor- 
respondents upon  the  growth  of  lierries  and  of  citrus  fruits  are  also 
largely  eliminated  because  the  shallow  rooting  of  the  former  and  the 
evergreen  growth  of  the  latter  reii<ler  hotli  dependent  upon  irrigation 
during  the  long,  dry  season  to  a  degree  lieyoiul  any  reijuirenient  of 
deep-i'ttoting  deciduous  fruit  trees  and  vines.  The  following  excerpts 
from  correspondence  then  apply  to  localities  where  it  is  quite  possi- 
ble to  grow  the  fruits,  at  least  on  some  .soils,  with  .some  degree  of 
success,  without  irrigation,  so  that  comparison  with  adequate  use  of 
water  can  be  made: 

inAHO. 

W,  G.  Whitney,  PiiyeUe:  Tlie  weighl."  of  .siii>;le  fruit*  by  irrigation  «re  increased 
about  10  i».'r  cent  uml  tlie  i-nips  uIhiuI  50  per  cunt. 

L.  \.  Porter,  Porters:  I  hiivc  kept  no  aecount  of  iuiirri)Bit('il  tn-ee,  us  neither  the 
gniwlh  nor  the  fruit  was  stieli  as  to  excitt*  aaliuiration. 

WABHINQTOir. 

C.  Robinson,  Chclun:  Treen  here  are  planted  close,  say  16  to  20  feet  each  M'ay.  As 
they  net  laiv  the  nuMilter  iiiii>'t  lie  rediiceil  unless  irrigation  can  Ije  hail. 

A.  L.  Graliani,  .\M«ci>rles:  No  fruits  are  jjrown  by  irrijnition  aiJ  yet,  but  prot^bly 
all  would  t)e  Iwnetited  in  ilry  Hea.sons,  es|iecially  apples  and  jwars  daring  .Auitast  and 
Septenilier. 

Jason  Whinery,  SiKikane:  I  iim  not  irri|jate  my  land,  hut  niosl  of  it  woul'l  Ik? 
greatly  beueliteil  by  it. 

ORKGOS. 

Seufert  Brolheri^.  The  Dalle.*:  I  have  picked  "lOO  pounds. if  fruit  from  a  Royal  Ann 
cherry  tree  1-  ye:in<  ohl.  Without  irrigation  il  would  not  yield  a  ptniiul,  as  it  is  on 
dry  soil. 

W.  Diinniick,  Hubbard:  Not  much  irripition  Is  neeileil  in  the  Willamette  Valley, 
thoU|;h  it  iiiijrht  U?  u.^ed  to  some  ndvanlage. 

Ray  r.  Bronii,  T?oseliurL':  The  previiiiinj;  r>j>inion  of  fruit  growers  in  this  sei'tion 
is  that  deciduous  fruits  nee<l  no  irrigation.     Kur  myaelf,  I  am  of  the  opinion  that  the 
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moirtiirt'  rptiiined  in  the  soil  durinulhe  prntrHcteil  ilroiij'ht  of  July,  August,  and  Sep- 
toinlH?r  would  easily  ndiuit  of  cupiileineiit  hy  judicious  irrijoitiDU. 

A.  H.  (larwju,  liurticiilturat  (■iiiiiinissioner,  tinintj-  I'li.s":  There  in  not  a  40-acre 
tract  of  land  in  Josephine  ( 'onnty  i<n  ivliirli  an  almnilanre  of  water  tan  not  Ik-  had 
by  di>!nin(i  wells,  and  with  eheaji  gasoline  or  electric  power  it  is  proiitahle  to  ilig  the 
well."  aiiil  \ise  the  water.  F«-ipecially  is  this  true  when  it  is  known  that  one  acre, 
iulcdiigently  haiuUed  with  water  to  irrisrate  with,  will,  diiriuc  a  year,  proiliiee  teu 
times  Bs  much  a«  without.  To  illustrate,  (Hwell  Brothers,  of  Central  Point — com- 
mercial apple  pniwers — have  niatlp  a  fuccess  growinjj  apples  without  irrifmtinn. 
These  fiutTewful  men  do  not  allow  iheinselveN  to  drift- -they  keep  on  doiiift  things. 
An  an  ex[teriment,  last  year,  in  their  i>ri'harii  at  fenlral  I'oiut,  they  put  in  a  (jaso- 
liiie  putnpinjf  plant,  which  cost  theui  I'or  well  ami  tzasoline  engine  and  pasiiline  for 
the  season,  $72(1.  They  irripited  KMI  apple  trees  and  lH>t  fall  soKl  the  iipi>les  from 
tbeir  irri(nited  tree-H  for  Sl.UK) — ji;{S()  niore  than  their  plant  cost  tliein.  Without 
irrijjatiou,  these  \00  apfile  tn-es,  owing  to  the  very  ilry  season  and  the  very  dry 
ground  where  they  were  situated,  would  not  liave  matureil  a  dollar's  worth  of  mar- 
ketable apples. 

C'AJ.IF0RN1A. 


Owen  Haily,  Whitinore,  Sharta  County:  I  cim  not  pive  weight  or  meaaure,  but  I 
lielieve  irrigateil  trees  [iriMluce  twice  the  anmunt  of  (niit  that  lan  lie  liad  fr<im  non- 
irrigated  trees  and  of  better  ipiality. 

W.  K.  Wtntmnre,  Whitinore,  Shasta  County:  .Mr.  W.  .V.  Smith  owned  a  dry  ranch 
10  inilep  from  .MilUilte,  at  an  elevation  of  1,200  to  l.iiOII  feet,  the  soil  rocky,  a  clear- 
ing of  blue  oak  and  digger  pine,  lie  had  early  grajies,  but  ."Muscats  did  not  mature. 
Me  Becure<i  irrigation  water,  and  since  then  has  had  gooil  Musials  also. 

George  A.  I,Aniiman,  .\nderson,  Shasta  County:  The  yield  of  g<Kxl-»i7.e«l  trees  by 
irrigation  will  Ix-  almut  2(K)  pounds  of  fruit,  wbite  nonirrigati-ii  trees  will  yield  from 
■10  to  .^O  pi  muds. 

(ieorge  H.  Flournoy,  Curning,  Tehama  County:  Thomas  White,  nf  Kichfield,  gath- 
ered in  lit).'!  from  50  to  (itl  jiounds  of  peaches  from  trees  planted  in  dormant  bud  in 
ISJIK).  Xonirriiriiteil  trees  of  the  .>ijime  age  bear  nothing.  There  are  some  lands  in 
this  section  iipmi  which  fruits  do  well  without  irrigation,  bul  I  do  not  know  of  any 
that  would  not  1h'  Uetiefited  botli  in  iprality  and  i|nantity  ivf.pro<luct8  by  the  )>ri>|K'r 
UBe  of  water. 

W.  E.  Haien,  Manton.  Tehama  County:  1  have  picke<l  and  weighe<l  a  ton  of 
apideiJ  from  one  irrigated  tre<'.  Prunes  do  about  the  same.  Nonirrigated  trees  <lo 
about  fine- ha  If  us  much, 

J.  L.  Barham,  Manton,  Tehama  County;  Irrigated  apples  are  large  (115  to  22 
ounces)  anil  plenty  of  them.     Irrigated  prunes  run  nuistly  4tl  to  5t)'s  and  50  to  HO's. 

(>.  M.  Gray,  Chico,  Butte  County:  I  anj  salisfieil  I  have  doubled  my  fruit  cropei  by 
irrigation. 

Rio  Bonito  Orchanl  Company,  Biggs,  Butte  County;  Irrigation  is  the  life  of  pnine 
trees.  In  our  experience,  wlien  over  half  a  mile  from  a  river,  irrigation  has  increase*! 
the  si7#  of  the  trees  abiut  30  per  cent  and  the  crop  almut  ItlO  per  i-ent.  Since  com- 
mencing irrigation  I  have  never  had  a  failure  of  the  j>nme  crop,  regardless  of  years  of 
drought  and  other  causes.  Prunes  have  yielded  12. (i  tons  to  the  acre,  green  weight. 
Cting  iieachesti.o  tons  to  the  acre  of  2|  inches  in  diameter  (camiery  size)  and  clean 
fruit.     Peiirs,  unirri;.'ated  becan.-e  tait  <>i  the  reach  of  water,  are  an  uncertain  crop. 

A.  I).  Cutts,  Liveonk.  Sutter  County:  We  have  determined  that  to  get  the  best 
n'sulls  with  deciduous  fruits  we  nmst  keep  moisture  at  the  roots  of  the  trees  from 
the  time  they  start  growth  until  the  fruit  le  picked.  There  is  no  question  in  my 
mind  as  to  the  value  of  irrigation  to  this  end,  as  we  have  grown  larger  peaches  'han 
l>cfore,  while  most  growers  who  do  not  irrigate  get  very  small  fruit. 
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C  E.  Bunui,  Kiiltiiii,  Sonoma  County;  From  what  I  «'i-  of  orchari|>  in  tlii"  rounty 
I  am  Hure  that  the  tre<?.«  are  suffiTing  for  lack  of  inoiHtiiiv  ami  wouUi  he  isireatly  l)ene- 
iile<i  by  irrijtation.  S<ime  of  Hie  trei*  have  ligtil  crops!,  imt  still  iln  not  look  ii.« 
'liealthy  and  vigonius  in  lewf  an<l  sliont  as  llioy  shoiilil. 

E.  W.  Kin>!,  I'kiali,  Mciulix-iiKi  t'oimly:  TwojirwittUunifrsiif  friiit.s  lien-  are,  first, 
frost;  wi'onil,  hot  wcalluT  in  .liily  ami  Anjrnfit,  whii-li  Imrn."  tin-  frnit.  The  latliT,  1 
believe,  wonlil  lie  oliviateil  l>y  irrijration,  ami  (he  (|iiality  ami  (piantity  of  the  frnit 
nmoh  irnpniveil. 

A.  K.  ISnriihain,  llealil.-'lpnrK,  Sonoma  County:  1  have  an  early  rlierry  trif  which, 
afftr  Ix-aring  three  or  lour  years,  hegaii  to  <iie  back.  The  leaves  wouM  (lri«i)i  ami 
wilt  »x)i)  after  thu  fruit  was  ripe.  1  ha<l  a  wt- II  sunk  closie  to  it  for  my  wimlmill  am' 
3,0<)(>-Kalloii  tank,  for  house  ami  liarn  use.  More  or  less  water  wa.«  thrown  around 
the  Iree  anil  it  started  to  riseover,  ami  has  1  Mime  several  cro|isiif  lietter  fruit,  ami 
to-<lay  it  is  ficrfeclly  healthy.  All  it  haf  hail  has  l^K-en  plenty  of  water  in  the  ilry 
w>u.s<in.  I  have  4  cherry  trees  in  iny  ilooryanl,  ami  in  19();i  apparently  every  bloom 
stuck,  anil  about  the  (ime  the  fruit  j-hould  tx'jtin  to  swell  out  the  cherries  liH^keil  ag 
tlioUKh  Ihey  woiilil  be  ):ooil  for  nnthiii^;  but  1  ran  water  from  the  tank  by  tonK  until 
I  had  tliejiroumi  soaked  deep.  The  fruil  l)egan  toswell  out  and  ihe  leaves  lirighten, 
and  the  residt  was  I  soUl  nearly  J-JO  worth  of  fruit  for  canning;  from  4  trees. 

Jolin  T.  Harrington.  Colusa:  1  have  grown  oran>;es  weif;hin^  7H  pounds'  to  the  box 
by  irripttion  ami  a  thorough  .system  of  cultivation. 

T.  .1.  Wavioner,  Uougli  and  Hiiidy,  .Nevada  County;  From  H  irrixateil  Crawfonl 
peach  trees  I  have  picked  40  lioxes  of  fruit.  The  aversKt'of  the  orchard  was  H  boxes 
per  tre<-  (2(1  iMiumls  per  Ikix),  and  tliey  .sold  at  50  cents  [>er  box. 

P.  AV.  liuller,  I'enryn,  Placer  County:  Fruits  can  be  prown  witlifiut  irriitalion,  but 
it  is  al>sohite!y  oblij^tory  in  this  retfion  that  tliey  have  irricalion  if  irrown  for  profit. 

W.  R.  Fountain,  Newcastle,  Placer  County ;  My  7M0  clitij!  |x'aclies  ( irripited)  have 
yielded  from  53  to  70  tons  of  canniTs'  size  fruit,  and  are  crop)>ed  every  year. 

F.  B.  McKevitt,  Vacaville:  1  have  known  a  single  irrijjateil- 2-year-old  peach  tree 
unpninetl  and  the  long  growth  staktil  up  to  prishice  200  pounds  of  [leaches. 

W.  .1.  1'lea.sants,  Winters,  Yolu  County;  We  have  in  Plea.sanLs  Valley  alntut  25 
inches  of  rainfall  u|>on  an  aveinge  each  year.  1  do  not  Indieve  we  need  irrii:ation 
her*  for  gn)winy  fruil  because  of  the  heavy  cluy  subsoil  which  prevents  the  water 
fnim  esmping  fmm  Ix'low.  On  the  other  hand,  any  soil  Ihiil  has  a  ;rnivelly  or  sandy 
Bulisoil  CRU  lie  fircatly  lienefited  by  irrigation  becau!4'  the  rainfall  in  Ihe  winter  goes 
through  and  leavc*s  the  tree  roots  dry.  Land  with  this  gravelly  or  .'^andy  suleoil 
should  have  water  in  spring  and  summer  to  g»'t  the  tiest  results.  .\  great  deal  of  the 
aoil  of  the  Sacnuuento  Valley  has  such  .sulwoil  and  shows  the  want  of  summer  irri- 
giilion.  In  many  places  irrigation  would  dniilile  the  production  and  value  of  the 
lands. 

ICdgar  .1.  I»e  Pue,  Yolo,  Yolo  Counly :  Wc  are  fully  sati.'lie<l  ihat  without  irrigation 
our  crop  would  virtually  have  perished  during  Ihe  past  few  yeai>.  We  have  .VX) 
acres  and  aim  to  irrigate  the  w  hole  ot  it.  We  have  (ound  water  particularly  l^ne- 
ficial  to  almonds,  assisting  the  develojmient  of  the  hull  as  well  as  the  kernel  and 
preventing  "sticktights." 

Charks  W.  Landis,  Folsom  City,  Sacmmento  County:  The  eiirly  varieties  ol  de<'id- 
uouH  fruits  are  not  irrigated  here,  and  phitns  and  pnines  seem  to  mature  without 
irrigation.  No  satisfactory  results  have  been  obtained  from  irrigating  almond  trees. 
Peaches  and  grapes  are  irrigateil,  though  all  these  Irtiils  will  grow  and  come  to 
maturity  without  water  yet  the  net  results  usually  pay  more  than  the  expense  of 
inHgation. 

William  Johnston,  Courtlaml,  .'^acraineiilo  Counly:  Twice  in  my  life  I  thought  it 
beat  to  irrigate  l>»-ach  trees,  and  these  times  Mere  two  dry  years  twenty  yeais  ajtart. 
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At  these  times  tlu'  water  a|i|ilicii  proved  of  (jreat  value,  luit  unlinarily  1  i!i>  nut  think 
we  iieeil  irrinatioii. 

Vital  K.  Baiigf,  MiKlefto,  Stanislaus  County:  I  know  ni  (ml  ime  (irrhan)  here  liiat 
hap  yielded  fair  crops  without  irrijfalidU  mid  that  is  an  olive  orelianl  half  a  mile 
mirth  ijf  -McKlesto,  lint  even  this*  urehard  omlil  Im'  m;ule  to  iiicrea.-<e  its  yield  by 
irritpilion. 

A.  .1.  Hcfse,  Meroi'il,  Menei!  t'omvty:  I  have  irripited  peach  trees  wveii  iiuintliH 
from  pliintiii);  which  aR'  larycr  than  the  jiverajje  <if  4-year-ohl  trees  plante<l  i>n  an 
adjacent  dry  land  and  ^'rowii  withniit  irrij^lion. 

W.  S.  .Shelly,  Hollister,  San  Henito  (^)unty;  On  land  nhurt  <if  natural  mointiire 
irrif^ation  will  imreawe  priKluctiim  frtiin  ]()  to  20  per  cent. 

(.'harlesi  Ddwiiinir,  Arjiuuia,  KinspJ  County:  My  f>ear  orchard  is  Hubirrigated  liy 
seeittKre  tinm  the  main  liilches.  There  are  twii  or  Ihree  !!|Mjt^  where  the  ground  ia 
higher  than  the  average  of  the  orcliani  on  which  the  trees  are  not  of  as  vigi irons 
growth  nor  do  they  yudd  fruit  of  the  waiiie  value  as  the  avenige  trees  of  the  on-hard. 
In  my  peach  orchard  a  sand  jjtri'ak  is  noticeable  by  failure  of  trees  to  grow.  jmdMibly 
because  the  streak  will  nyt  hold  the  wattr. 

Frank  Femmons,  .Miwalmee,  .Mailera  County:  I  have  weigher!  K()  pounds  a.s  the 
jiroduct  of  a  single  irrigated  grape  vine  bik!  astinmled  ."J  tons  on  one-balf  an  acre. 

H.  .1.  l>ennisfin.  Nordhoff,  Ventura  County:  The  soil  of  the  Ojai  Valley  is  very 
deep  and  rich,  and  with  good  winter  rainfall  and  spring  rains  we  can  grow  very  gcxnl 
fruit  without  irrigation.  I  have,  however,  a  few  fruit  trees  near  a  water  tank,  w  hiih 
have  hi-en  irrigateii,  and  their  proiluct  is  larger  and  the  (ruit  liner  ami  larger  than 
imirrig'.ited  trees.  I  Itelieve  irrigation  would  oiucli  im[irove  the  product,  and  in  dry 
years  would  perha|ts  double  it. 

K.  .S.  Thacher,  Nordhoff,  Ventura  County:  I  am  now  beginning  to  irrigate  a  large 
olive  orchard,  Inking  sat islied  that  in  (hi.-*  locality  olive  trees  can  not  he  made  to  bear 
heavily  without  water  after  they  have  gained  c-onsiderable  size. 

RolK'rl  nunn,  Fillmore:  By  my  experience  in  Ventura  County  1  found  that  irri- 
gated a[iricot  trees  averaged  :ttX)  poLmd!<  |ier  year  for  five  years,  while  other  trees  of 
the  same  age  in  the  t-ame  soil,  but  not  irrigated,  did  not  average  KKI  pounds  per  tree. 

I'.  F.  Cogswell,  Klmonte,  Los  .\ngefes  County:  My  Knglish  walnut  trees  (oii.uandy 
loam,  Mb  feet  to  watcrl  are  vigorotis  and  thrilty,  showing  large  new  growth  each  year 
and  well-tilled  nuts  of  good  weight,  in  otiier  orchards  on  e<|ually  gixjd  s^iil  and 
otluT  couilitloiis  thi' saini*,  but  not  irrigitted,  r>r  so  littli'  water  used  as  to  be  practi- 
cally useless  to  a  walnnt,  the  trees  show  little  or  no  growth,  much  dead  woml  in  the 
to|»s,  and  nuts  small  and  not  well  Giletl.  In  another  siluatuin  a  I2-ycar-old  wahuit 
ori'hard,  umrrigatecl,  yielded  less  than  *"i()  per  acre,  while  irrigated  orchanis  of  the 
same  age  yieldt-d  $UH)  per  acre,  ami  the  unirngated  tree.j  of  [2  years  old  are  nr>  larger 
tiyaii  irn^ateil  Irises  at  •'>  years  of  age. 

H.  D.  Brigg-,  .Azusa,  Ixts  Angeles  County:  I  have  always  irrigated,  as  1  knew  the 
returns  would  not  la-  satisfactory  if  1  did  not.  I  have  pickeii  1  (KK)  pounds  ol  ajiri- 
cots  from  one  tree. 

Henry  I).  Kngelhardt,  (tlendora,  Iais  .Angtdes  County;  .V  treeor  vine  properly  irri- 
gateii Hill  iM'ar  M  In  104)  per  cent  more  fruit  than  one  which  has  im  irrigation. 

James  Boyd.  KiverBide:  I  have  a  muhII  family  orchanl  ot  deciduout<  fruU.o  which 
has  lioeii  irregularly  irrigated  with  waste  water,  hut  not  irrigaletl  Iroin  .July  to  Sep- 
tember. This  year  the  irrigation  ha.s  been  regular  and  thorough,  atid  the  trees  and 
fruit  are  in  lietter  shape  than  ever  tiefore,  apples  especially.  The  trees  have  much 
N'lter  foliage,  are  making  a  better  growth,  and  the  Iruit  i.s  hetter  devi'loped. 

.1.  II.  Heed,  Uiverside:  We  luid  consulerabliMiiixed  plantings  of  deciduous  fruits 
with  oranges,  ami  used  |)lenty  ol  water,  l)ut  judiciousJy.  Our  trees  were  in  hearing 
much  eiiriier  than  adjacent  nonirrigiited  inta — in  lad,  paid  lor  the  planting  antl  care 
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(if  the  citruc  Iri't'f  ii|'i  to  tin-  liiiie  iIr-  lalltT  U-irati  l>e:irtiig.     Tliif  was  a  gn-al  saviiitr, 
not  to  sfU'Mk  of  iIk-  iiu'n-ascil  iTopn  latt-r. 

I.  Ford,  Kedlainls:  Aiiiilcji  can  tie  urowii  iti  tin-  iiioiiiitniiis  at  r».(HM>  feet  oleVHtion 
«ilb«nit  irripitiou  hy  rart'liil  rdllivatioii,  but  with  a  iiill  rrup  llie  fruit  in  uiuili  (iner 
and  lar^T  with  irritiatioii.  TiMi-vi-ar-olil  a|)[^ili'  tn-cM  w  ill  vii'hi  111  tous  \ht  acn-  witli 
a  fair  i'ro|>.  My  Hen  ^>avi^■  apple  treec,  planleil  in  IHWH,  averaged  ^ll  |H>nnd!*  per  tree 
in  \W.i,  4,81)0  jiouiid!'  p-or  aere,  as  the  tret-ji  are  planted  15  liy  20  feet,  with  expecli;- 
tion  of  thinning  the  trees  when  older.  Thif?  would  not  be  )H>.>ieihle  without  irriga- 
tion, as  in  that  raw  the  trees  ought  to  U*  planted  not  closer  than  .'Wl  hy  .')0  feet;  in  fact, 
an  apple  gnjwer  ul  .lulian.  nut  UHing  irrigiilion,  huV!)  he  would  plant  apple  Irinti  !)0 
hy  50  feet,  il«  they  U'ar  sn  niueh  U-lter.  The  difference  in  proihittiou  of  TJO  tr«?eH 
or  '20  trees  jier  ac-re  for  llie  lirsl  live  years  of  hearing  will  pay  for  the  onhanl  many 
times  over,  and  this  is  luaile  jiossihle  hy  irrigation. 

\V.  S.  t'orwin.  Ili/ldaiid,  San  llernanlino  Oounty:  Irrigate<l  treee  give  26  percent 
more  fruit  than  unirrigate<l. 

C.  A.  Walter,  Independence,  Inyo  County:  My  experieni'e  of  forty  years  convinces 
me  that  the  best  way  t<i  raise  fniit  is  hy  irrigiition. 

R.  Egan,  Capistrano,  Orange  County:  With  full-bearing  Knglish  walnut  tree*,  'M 
trees  to  the  acre,  the  yield  for  several  years  has  l>een  125  to  i;i5  pounds  per  tree. 

A.  8.  Bradford.  Kullerlon,  Orange  County:  The  yield  ni  |H-aches,  apricots,  and 
apples  lia>i  Invn  fully  uiie-lhird  to  one-half  greater  with  irrigatiini,  and  the  fruit  is 
larfier. 

I).  Kdson  Stnith,  Santa  .\na,  Omnge  County:  In  a  few  localities,  where  tin'  soil  is 
of  stirh  nature  that  it  persisteiilly  retains  il.i  moisture,  apricots  may  l>e  grown  to  per- 
fection with  jiroper  cultivation  when  we  have  an  unusual  ainouiit  of  rain,  hut  as  a 
general  proposition  irrigation  is  necessary  in  onlerto  secure  (he  iH-st  fnilt. 

II.  Cullx'rtMin,  Kl  Cajon,  San  Diego  County:  It  is  sate  to  say  that  an  orchard  irri- 
gated fMni  the  tir.>-t,  coitipared  with  one  not  irrigated,  will  yield  live  limes  as  much 
fruit  at  5  years  old.  The  difference  for  gra|H>s  would  not  oriliriiirily  Ik;  so  gri'at. 
Peach<-8  at  K  years  olil,  under  proper  Ireatmeiit,  will  yield  nn  average  of  IltHJ 
^Mjunds  of  marketable  fruit  lo  the  tree.  I  have  lioric  (hi."  and  know  of  others  who 
have  done  better.  Well-irrigaled  rai.'-iri  grapes  with  nu-  have  prndui-e<l  2  tons  of 
raisins  to  the  acre,  where  one-fourth  that  amnunt  would  havi'  U^en  a  good  yield  with- 
out irrigation. 

l.*wis  K.  Kent,  Poway,  San  Diego  County:  There  is  no  doubt  rtUjiit  the  desira- 
bility of  irrigation,  as  one  can  easily  see  the  increased  crojis  by  irrigation,  grai^-s  and 
olives  es|ie<'ially. 

It  i.s  very  siyiiilii'iiiit  tliixl  tlicri'  is  rsiic-lr  iiniiniiirity  in  fiivor  of  iirijj'u- 
tion,  althotiirli  iiiiinv  <if  (lie  {frovvcrs,  wlio^ii  (.■aiit'liisitm.s  iirc  tiiiotcd 
ul«jv«'.  Hi-i'  siliiiilcd  ill  districts  luuinji  coiisiilcriiblc  raiiifiill.  It  is 
notJible  timt.  in  fiu-t.  m>  rujK)rt.s  diMiyint;  tli«'  fHieictifv  of  ii  iii.'iitioii  in 
iniToasing  tiic  product  of  trcfs  and  viiu's  w^rt'  roceivt'd.  iilthouyi'li  then' 
arc.  manifestly,  conditions  under  vvhirli  itfiiration  is  not  ps.scniini  to 
the  fidK'st  .service  of  the  fruitinvr  plaiils  mid  tLerefore  hardly  worth 
providin};.  Correspondents,  however,  did  not  consider  thi.s  point 
wortli  inakin<r  in  their  reports.  This  clearly  indicates  a  ehanj^e  in  the 
public  mind  with  n-spert  to  irrijcatioii  in  fruit  growinj^'  and  In'tokens 
fidl  rwoj;nition  of  its  iiuportimee.  A  few  years  ago  ohjeetions  to  irri- 
gation as  eithei  tinneees.sary  or  nudesiraMe.  or  l)oth.  winih!  Iniv<'  lieen 
urged  hy  scores  of  coiresp(jndi'nts  when  oUered  such  an  opportunity 
a.s  this  inquiry  placed  liefore  them. 
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REGULAEITY  OF  BEARING  AS  AFFECTED  BY  IRBIGATION. 


Thissuhjt 


ith 


pin 


the  di< 


risen  to  its  pi-c  _ 

siini  of  frntl-;;r«)wiiij,''  [Hilicii-s  un  tlic  Pacific  coast.  Tht'  iloclaration 
of  the  |i|-niclpli-  nil  wliicb  rcjriilar  productioir  icst.s  lluit  llic  frditiiig 
plant  f(M[»i res  moisture  for  two  distinct  functions  during  its  active 
season  is  not  new,  hut  the  appreciatinn  of  its  truth  ami  practical  bear- 
ings is  rpccMit.  It  lias  hcen  forced  upon  the  attentinn  \>y  iinestigutions 
at  the  Wisconsin  Kxperiniont  Station,"  showing  that  the  tree,  in  cer- 
tain cases  at  least,  was  «levoting  enei'gy  to  the  dcvelnptiient  of  the 
fruit  huds  f<)r  tlir  fnllovving  year  and  carrying  the  huriicrv  of  I  he  cur- 
rent crop  at  the  same  time.  It  was  known  that  the  tree  forms  fruit 
buds  in  the  Inter  months  of  growth  after  its  fruit  may  htnc  niatiircd, 
hut  the  anninmecnierit  of  the  earlier  uirtlcrtaking  uf  this  fiinctinii 
strongly  emphasizes  the  necessity  of  aurple  moisture  sup])ly.  nut  alone 
fur  the  current  crop  hut  for  the  succei'ding  crop.  For  this  I'eastman 
effort  was  made  in  this  impiiry  to  sc>eure  facts  from  wide  observation 
a.e  to  the  relation  of  irrigati<tti  to  regularity  of  hearing.  Formerly 
recourse  was  had  to  pruning  t«»  h'sscn  amount  of  bearing  wt.od  aTid 
reduce  the  biirdca  of  the  tree  after  (he  fruit  liad  set.  The  newer 
idea  is  to  supply  water  to  enable  the  tree  to  carry  more  fruit  to  .satis- 
factory size  and  at  the  .same  time  to  prepare  for  the  following  year. 
In  fact  the  relation  of  adequate  ntoistiiie  to  the  strength  and  etlective- 
iiess  of  the  fruit  bud  has  come  to  l)e.  widely  appreciated.  The  follow- 
ing arc  the  views  of  growers  upon  these  [wiints: 


A.  McPherson,  Boise:  Irrigated  tree!"  iK^r  more  rejiiilarly. 

L.  A.  Porter,  Porters:  1  do  not  think  there  in  any  ilifffreiice  in  reiiolarity  fit  liearing. 


I 


WA.sIONIiTllX. 

F.  K.  Thoiii|i8'iii.  Niirtli  Yukiiiia:  lrrig«te<l  IrnilM  Injar  ninn-  leniilarlv  in  lliis 
lofiility. 

J.  H.  .FaiiKV,  Wiiitiiliiirj::  Mvox|*rierirf  is  thai  tiiere  is  nul  ninili  ilirference  in 
regnlafity  of  In-arinn. 

OREGON. 

SeiifcTl  Brotlien'.  The  Ihilles:  IrrijnJteil  are  Furer  to  bear  t«>caiise  urowtti  i^'  later  on 
soil  filli'il  witli  cold  water,  and  tlip  IiIimhh  is  rli-layed  nntil  afterearly  ."prinj;  fr(i!<tsart; 
over.     We  never  miss  n  irop. 

J.  K.  Casey,  .Xt^iiland:  Hejinlarity  of  bearinjij  is  in  fitvor  of  irrigated  trees. 


CALIFORNIA. 


Owen  naily,  Whitmore,  Sliasta  County;  Irrit.iited  trees  will   lienr  more  regularly. 

(ieorKe  A.  Ijiuiiuian,  Anilerwm,  Sh«."ta  County:  lrri)jated  trees  are  more  rejiular 
in  lieariiiK. 

f>.  K.  Graves,  Hedbluff,  Tehama  County:  Irritrated  |>nines  are  more  regular  in 
bearing. 


"Annual  Report  for  1899. 


IKLATTOT 


U'lTS. 


Fn-*!  Srliarr,  Hflliliiff,  Ti'Imiim  (Vninty:  Irritjnriiiii  after  fruit  ripiens,  to  ke»-|>  tlie 


hiidg  jrrowin;:  for  tlie  next  y<'iir.  iiifiire;'  rtv'i'ftrity  of  ln-jiriiij;. 


a 


II.  Fl.) 


c, 


Tel  II 


itv:  After  t\ 


■  years  (■x|.eneni'p,  I 
am  perfectly  as^ureil  timt  irriKUleil  In.'e!*  are  nmcli  more  rettulur  in  bearinj;. 

W.  E.  Hajien,  Mantoti,  Tehama  County:  Apple  trees  will  bear  every  other  year. 
If  they  bear  a  full  cmp  one  year  they  will  not  bear  the  next.  Prunes  will  l>ear 
reKuIarly  every  year. 

J.  L.  Harhain,  .Manton:  lrrii»at<^l  treeH  art-  far  mure  regular  in  l)earin(». 

(f.  M.  (iray,  ('liico,  Butte  ("onnly:  ( )ni- fnrner  of  my  |ieaeli  oreharcl  that  was  nut 
irri(fate<l  laj-t  year  has  thi.«  year  less  than  half  the  crop  per  tree  that  i.s  seen  iiimhi  the 
part  that  w:u-  irriiniteil.  This  ry  elearly  to  be  si-en.  I  need  no  U-tter  ileinotistration. 
The  inaturinii  of  the  pit.-  of  the  lurriMit  crop,  the  (f'rth  of  the  wooil,  and  the  devel- 
opment of  fruit  buij»  for  the  following;  year  are  going  on  in  inidi^uininer  an<l  are  a 
preat  draft  upon  the  tree.  The  developtnent  of  the  coming  btidf  seems  finiit  to  suffer 
when  moisture  is  R-ant.  I  have  found  that  giving  fruit  trees  and  vines  on  valley 
land  a  gr)0<l  irrigation  from  .June  1.5  to  July  \o  will  very  materially  help  IhiIIi  the 
present  and  eoniiiig  erop. 

Rio  Bonito  Orchard  Company,  Biggs,  Butte  Connty:  Irrigateil  fruit  treew  are  more 
regular  in  l)earing. 

G.  W.  ThisH'll,  Winters,  Yolo  County:  Many  orchards  fail  to  p rrnl net' a  gocd  crfip 
of  fruit  annually  for  want  of  sufticient  water.  The  fruit  is  [xxjr  and  insipiil  and  the 
trees  are  not  able  to  mature  fruit  buds  for  tbe  following  year.  I  recently  visited  as 
fine  a  Miiir  |iearh  orchard  a-s  there  is  in  the  State — on  the  choii-est  of  fniit  land  on 
Piitah  Creek.  Trees  which  had  been  given  a  little  water  were  bendingto  the  ground 
with  largf-  fniil,  while  the  trees  with  no  irrigafiim  had  wilted  leaves  an<l  peaches  the 
size  of  walnuts,  and  yet  the  trees  were  on  the  best  of  land.  The  fruit  was  too  small 
to  cut  for  drying  and  the  tre<'S  will  have  no  fruit  next  year. 

E.  A.  (tammon,  Courtlainl,  .Sicrameiito  County:  Rcirularily  of  bearing  is  on  the 
side  of  irrigateil  trees.  Irrigated  [lears  iire  not  so  apt  to  fall;  the  stems  seem  to  have 
more  life  in  them. 

W.  \V.  Ilinsey,  Fairoaks,  Sacramento  County:  In  regular  tearing  there  is  a  large 
differem-e  in  favor  of  irrigated  trees. 

Charles  W.  I^ndis,  Folsoni  City,  Sacramento  Connty:  I  have  never  notice*!  any 
differcm*  in  regularity  "if  l»earing. 

F.  B.  McKevitt,  Vacaville,  Solano  C<iunty:   Irrigated  frees  bear  more  regularly. 
H.  T.  Fuchs,  tirass  Valley,  Nevaila  County:  My  observation  is  thai  irrigate<l  trees 

are  more  regular  in  Ijcaring.  Kiiiil  trei*  and  grapevine.'-  H  ill  not  produce  good  fniit 
in  this  w.'ctioii  tinless  they  are  irrigated  or  highly  cultivated. 

P.  A.  Butler,  I'enryn,  Placer  Counly ;   Irrigation  insures  much  itiore  regular  Ijearing. 

\V.  R.  Fountain,  Newcastle,  I "lai-er  County ;  .Many  orchanis  are  renteil  to  China- 
men and  others  who  object  to  taking  (luins  to  irrigate  after  the  fruit  is  picked.  For 
this  reason  thf  early  fruits  get  les.s  irripition  than  the  later  varieties.  It  svi'ins  to 
Ijea  fact  that  irrigation  after  the  fruit  is  picked  is  making  ginid  regular  l)earer*  of  the 
Alexander  and  Hale  early  jieacbes  which  have  been  dis|Kised  to  ilrop  their  buds 
just  prior  to  blooming  and  to  drop  the  fruit  while  small. 

J.  W.  Violett,  lone,  Amador  County:  Irrigated  orchards  ap|>ear  to  liear  more 
regularly. 

\.  E.  Bumhani,  Healdsburg,  Sonoma  Counly:  I  know  that  old  Sonoma  Connty, 
that  Ixtasts  of  nonirrigatcd  crops,  could  make  hundreds  of  thousaixls  of  dollars  more 
from  her  orchanls  if  the  waste  waters  were  properly  used  in  .July  and  August.  The 
trees  would  live  longer  and  Ix-ar  more  regularly,  for  the  new  woo<l  and  especially 
the  budB  would  be  strong  anil  well  matureil  for  the  coming  year.  I  do  not  mean  to 
drown  the  trees,  but  oue  irrigation,  or  at  most  two,  is  euougli  in  ihis  coutity  if  the 
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groutxl  is  tlmroiijjhly  wmked  and,  \vh«:n  ilry  i'innii;!i.  ciiltivatttl  In  iiiellowiic^M  aixl 
flnciit'^8. 

A.  ISlock,  Santa  Clara,  J^autii  Clara  ('niinty:  I  lielievi*  irrigatetl  fruit  trees  U-ar  more 
regularly. 

F.  M.  Ui^'litiT,  Canipbeli,  Santa  Clara  County;  Kegularily  of  Iteariiig  anil  plenty  of 
nioi.Mturt'  <:ip  loj^ftlier. 

l\.  H(>o()!i,  Wrights,  Santa  Clara  County;  If  iiiu-lliiietitly  ap|ilie<i,  irri>;ation  makes 
treed  more  regular  in  ItHirinj;. 

W.  S.  Sdelty,  IJullister,  San  Benito  County:  I  have  not  notiei-d  any  tliffereme  in 
the  regularity  <<(  deariu};. 

W.  T.  Kirkniaii,  Meried,  Mercetl  County:  Irrigated  fruit  trees  are  more  regular  in 
bearing. 

Pr.  W.  N.  Sheniiuii,  Kre^^no,  Fresno  County:  Tin- olive  tn-ea  along  or  near  irriga- 
tion liilcheM  i^lioxv  a  marked  s-uiwriority  tu  tliiw  w  ithuiit  aci-esri  to  water. 

E.  S.  Thacher,  Nonilioff,  Ventura  Connly:  I  liaii  a  few  acres  of  apricots,  jinmes, 
etc.,  l)Ul  found  them  tniprtptitalde  ItecjiU-^e  I  waw  not  prepared  to  irrigate  them. 

C.  C.  Teague,  .Santa  Paula,  Veiitura  Counly;  While  it  is  (lossible  to  grow  fairly 
|i;oo«I  producli!  from  young  orchanls  without  irrigation  it  is  simply  out  of  the  ijUes- 
tiuii  when  the  trees  get  older.  Many  growers  in  this  county  u.-H^d  to  think  when 
their  ileciduoiis  Irei-s  iH'gan  to  go  hark  win  n  they  were  In  :<r  ]'J  yeiirs  olii,  that  it  was 
on  aicomit  iif  old  age.  This  was  liefore  they  l»'gn"  '"  irrigale.  Since  then  it  has 
Im'cu  denioni^tralcd  lieyond  douhl  that  the  (rouble  was  not  in  the  1re»-s,  but  in  the 
fact  that  the  water  in  the  subsoil  liecjime  exh.iusteil  lifter  a  nnmher  of  years  iind  the 
nnmud  rainfall  not  lieing  sutth'tent  to  wet  the  ground  diovn  Ik  u  depth  cif  more  than 
4  or  fi  feet  the  lower  roots  were  in  dry  earth  and  constHjuently  could  not  help  to  sup- 
jMirl  the  tree.  It  is  now  the  universal  belief  that  it  does  not  piy  to  set  out  an  orchani 
in  this  valley  uidesw  one  has  water  for  irrigation.  If  makes  little  diftereni-e  with  the 
dectduons  trees  on  deep  soils  whethijr  I  he  water  is  put  on  durins:  the  winter  or  the 
summer,  but  most  growers  prefer  the  f<inner,  when  the  trees  are  ihirmaiit. 

F.  V.  .Stetson  &  Co.,  Los  .\nge!cs;  We  heartily  I'uvor  irrigation,  Ix'lieving  that  the 
trees  l)ear  more  fruit  and  with  greater  regidarity — that  is,  there  are  fewer  seasons 
with  short  crops. 

II.  I>.  Uriggs,  -Azusa,  I,i>s  .\ngeles  Cniinly:  With  iriigalinu  properly  applied  and 
fertilization,  trees  will  l>ear  every  year  unless  nnfavoralde  tem|ierBtiires  prevail.  By 
irrigation  the  tree  is  enabled  tooveriHjme  theexhaustion  of  heavy  bearing  am)  to  fill 
out  the  buds  for  the  next  year's  fruiting  so  that  the  fruit  will  "stick"  instead  of 
blasting. 

Henry  I».  Kngclluirdt,  <ilendt<ra,  Ix>s  Angeles  County:  The  irrigated  tree  and  vine 
will  pnidiuf  fruit  nmri'  retodariy. 

William  ChiippcldW.  .Moninvia,  L<js  Angelic  I'ounty:  Nonirrigated  iruil  trees  are 
very  irregular  in  liearing  with  us. 

N.  E.  Chesehro,  Covina,  l/<is  .\ngele8  County:  There  is  a  great  difference  in  regu- 
larity of  bearing  in  favor  of  irrigated  trees. 

J.  W.  Mills,  Ontario,  .San  licrnaniino County;  I'nlil  the  last  two  yeara our  almond 
trw-s  wouhl  only  iKiar  during  the.  most  favi>rftl)le  seasons.  They  had  receiveil  some 
irriiralion  since  [tlantmg,  hut  mdy  during  the  la."!  two  years  have  we  given  them 
water  enough  to  keep  ihem  growing  while  they  were  maturing  a  croji  uf  mits.  Both 
years  they  have  grown  giHMJ  crops.  Tho  more  liberal  irriitation  has  made  them  grow 
l.'^rge  nuts  and  a  growth  of  new  wooil  at  tiie  ends  of  the  branches  t  not  suckers)  Imm 
6  inihej<  to  2  feet  in  length.  This  seems  to  insure  regular  bearing,  even  thouirli  the 
teni[>erature  on  three  <lays  in  Fehniary  and  while  the  trees  were  in  full  bloom  I'ell  to 
24°,  27°,  and  2^^°  and  three  days  following  reacheil  2S°  ami  HO"  K. 

J.  Ford,  Redlaiids,  San  Benuinlino  County:  Trees  are  earlier  and  more  regular  in 
bettring  when  kepi  thoroughly  irrigated  and  eultivate<l. 
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W.  S.  Corwiii,  lli-ihlaiicl.  San  lli'riiarclinij  County:  Regularity  of  bt>aring  ia  decid- 
edly on  tin-  Hido  of  irrijRilctl  Iret's. 

James  Boyil,  Rivereide,  Riverside  County:  Crope  on  irrigated  tree«  are  better  in 
every  way. 

L.  L.  Be<|nett<*,  Whittier,  Los  AngeleBConnty:  There  is  no  difference  in  re^darity 
uf  bearing. 

J.  B.  Neff.  .\naheiiii,  OraiiKe  County:  I  have  always  had  a  crop  of  Eii);lii<h  wal- 
nnts  on  irrigated  tre«*,  while  otiiers  have  had  but  a  (*iiiall  uiiproritablc  crop. 

A.  H.  Bradfortl,  Kullcrton,  Orange  County:  The  yield  ii*  regular  when  water  is 
Uf<ed,  otherwiw  there  are  off  years.  By  irrigsition  in  the  fnrnintT  the  formation  of 
fruit  liud?*  for  the  next  sea^onV  cmii  if  jiromoteil. 

Jaiiie»<  \V.  llyiif,  San  .Marcos,  San  Diego  County:  When  irrigated  and  kept  in  a 
thrifty  comlitioii  fruit  trees  liear  more  regularly. 

Chester  (iunii.  Julian,  San  Diego  County:  Irrigated  trees  U'ar  more  regularly. 

H.  Cuilx^rL-ion,  El  Cajon,  San  Diego  County:  There  Lh  u  decided  difference  in  the 
peach,  especially  in  the  tihy-l)earing  varieties  and  late  irrigation  is  what  produces  the 
results. 

C.  A.  Walter,  Independence,  Inyo  County:  There  is  much  diffen'nce  in  regular- 
ity of  bearing;  the  irrigated  tree  is  always  in  trim  to  l>ear,  is  healthier  and  leafs  out 
earlier. 

These  reports  present  a  vast  preponderance  of  ohservatinti  iunl  expe- 
rience that  irriiriitioii  docs  prnmnte  n'outur  animal  fniit  licurinir. 
There  are  a  few  insluncc.s  in  whicli  the  opposite  view  is  expressed  and 
others  in  which  the  observer  iis  in  douht.  In  surne  cases  probably  the 
opjjosinj,'  ob.scrvalioti  rests  on  experience  in  sifnatinns  wlierc  trees  are 
not  hel)M>(l  in  retfidarity  of  lienrinjf  U\  irrij^ation  becimsc  tiiev  really 
have  a  greater  amount  of  available  nioi.stiire,  thoujrh  the  rainfall  may 
not  Ik-  o-reater.  than  is  available  on  ndjacent  |>!uees  where  (In-  <'untriirv 
oliiservation  is  made.  TIum  is  strikitij^ly  true  in  the  case  of  Whittier, 
Los  Angeles  County,  Cal.,  where  Mr.  Hc()iii  ttc  reports  regular  bear- 
iiij''  without  irrigation,  Whittier  is  n  low-lyiiifr  reo-ioi)  with  jjfeat 
depth  of  soil  and  "■round  water  within  reach  of  deej)-rootin>,'  trees. 
In  such  a  situation  irrigation  is  naturally  less  likely  to  be  profitable, 
becau.se  tlie  trees  are  supplied  by  the  underjrnnind  nmvctncnt  of  water 
ami  enjoy  more  tlinn  their  share  of  the  sctint  rninfiill  of  the  district. 
There  may  be  similar  conditions  to  explain  the  conclusions  of  the  few 
others  who  hold  a  negative  view. 

QUALITIES  AND   COMMERCIAL  CHARACTERS   OF  IRRIGATED 

FRUIT. 


The  desinibility  of  irrigut-i'd  fruits,  for  tpialities  which  appeal  to 
the  fruit  cater  and  for  rhanictcrs  which  win  the  fruit  trade,  has  long 
l)eeti  in  contro\er.sy,  ami  ihc  [)r<'judici'  against  irrigation  from  these 
point's  of  view  has  been  most  outspoken.  This  prejudice  .still  exists 
in  the  itiinds  of  those  who  have  not  hud  opportunity  for  careful  com- 
parative judgment  and  no  experience  to  distingidsh  between  properly 
irrigated  and  excessively  irrigated  fruit.     Of  eoiir.se,  theoretically  the 
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bpst  fniit  must  i-onu-  fn>iii  the  trw  wliii'li  Inis  iiioistui'e  cotitiniiiilly 
prest.'tit  fiiiriii|j  its  ifnnvinj^  period  in  tlii>  iuiiDniit  ivijuiiTd  for  pi'vioct 
developiiii'iit  of  its  fruit.  Too  little  water  f<n-  siii'h  perfect  growth 
woiilii  injure  thr  fi'iiit  utiil  Uh>  iinifh  water  would  also  injure  it.  and 
altliouyli  till'  injuries  profecditij^  from  luck  iiiul  from  excess  niiglit  lie 
ditferent,  they  would  all  render  the  fruit  defeetive.  Hut  there  have 
lieeii  jjrcjudiees  tiiriiiust  irrii,'ated  fruit  which  have  been  slow  to  dis- 
appear even  iimou^  fruit  growers,  who  mii^ht  l>e  presumed  to  liave 
the  best  opportunities  for  speedily  reaching  sound  judgments  on  the 
matter. 

The  tirst  striking  ehju'acter  of  irrigated  fruit  to  attract  attention  was 
unusual  size,  and  such  size  wa.s  often  found  to  Iw  uumutehed  by  rich- 
ness and  Havor.  Medium-sized  fruit  was  better  to  eat.  The  geiiend 
eouelusiou  then  was  that  water  artilieiully  !ipi)lied  made  a  fruit  tine  to 
look  upon  but  not  otherwise  de-sirable,  and  from  this  single  observa- 
tion arose  the  <juite  genend  opinion  that  the  farther  it  dcj)arted  from 
largeness  the  better  the  fruit;  therefore  the  smaller  the  fruit  the 
richer  in  sugar  and  the  more  refined  the  flavors  and  aronm.  It  is  dif- 
fifvilt  to  rejilace  this  opinion  by  urging  iheoi'etieal  considerations  uf 
the  actual  lU'eil  of  the  plant  for  a  continually  adeiiuate  moisture  sup- 
ply, nor  do  the  determinations  of  sugars  and  essences  by  fruit  analysts 
iinr  the  awai'ds  of  e.v|)osition  juries  convince  all  wIkmu  they  reach.  It 
si'cms  dcsiiable  then  to  cite  general  experience  of  those  who  judge 
fruits  by  ordinary  sense  methods  or  by  commercial  standards  in  order 
to  detei'mine  whether  such  experience  reinforces  the  conclusions 
reached  by  those  who  approach  tlie  problem  along  lines  [wpularly  dis- 
tinguished as  '•.scientific."  This  was  the  motive  in  the  inquiry  upon 
which  this  report  is  based. 

The  attempt  was  nnulc  lo  secinr  the  results  of  the  experience  of 
fruit  growers,  some  of  whom  coidd  give  conijiarative  judgment  and 
others  of  whom  ])erliaps  had  grown  only  irrigated  fruit  ami  could 
8[M'ak  ]H>sili\ely  from  t'xpericnce  as  to  its  suitability  for  various  com- 
mercial purposes.  Although  the  writer  was  aware  of  the  general 
change  in  the  mind  of  growers  toward  tin-  use  of  water  even  in  regions 
of  consideraidc  raiufall.  he  uuist  acknowledg<'  that  the  declaration  of 
the  benelits  of  irrigation  in  developirsg  desirable  ([ualities  in  fruit  is 
sliai'per  and  wider  than  expected  and  there  can  be  no  t|uestion  as  to 
the  impression  and  inlbience  which  will  follow  the  publication  of  the 
testimony  here  jiresented. 

IDAHO. 


I 


.\.  Mt:PluT(«in,  Boiw:  Irrijtatpil  fmitH  are  tiic  tn-Ht  in  every  respect. 

I...  A.  I'orter,  rorters':  Irrigated  fruit  is  supcriur  in  every  way.  In  fact,  without 
irrijnitioM  it  is  liard  lo  alwuj-s  pet  moisture  enough  to  t)ring  the  fruit  to  perfect 
iiiatnrily,  liencc  it  lai'ks  in  size,  flavor,  anil  general  appeanimc.  I  consiiler  it  almost 
iniiJiiwMiML'  to  pnxlace  perfect  cherrie.s,  pt^a<'bi'r',  or  [K^ars  in  an  uiiirrigated  orcliKnl. 
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Tl>ey  alway.-i  lack  the  size,  cnlur,  ainl  rich  flavor  that  ccune.-'  In  a  |>erfei'tly  irripitml 
fruit.  I  have  iiotii-ed  lliat  ymiin;  niiirrin:atf<l  trt-cs  iK-ariiift  few  fruits  will  imtture 
iheiii,  ttiiile  in  a  year  nr  two,  while  the  treeH  are  more  heavily  loodetl,  the  fruit  will 
be  saiiail  ami  lacking  in  tlavur. 

W.  IJ.  Whitney,  Payette:  Irrigated  fruits  are  much  larger,  Aore  juiey,  and  much 
nicer  looking.  , 

WASHIt((nX>N.  1 

E.  H.  Libby,  Clarkson:  Our  fruita  are  all  irrigated.  Un  the  higher  landa,  fniin 
1,500  to  2,000  feet  uIkivc  fiur  level,  the  apiiles  are  hIkmU  half  the  size  of  ours.  That 
fruit  rightly  irrigale<l  aud  thoroughly  cultivated  in  fully  as  gixxl  as  a  like  variety 
grown  without  irrigation  in  the  e.v]>i'rieiice  of  the  writer,  which  has  e.xte»de<l  over 
much  of  the  United  Stales  and  Canada. 

Jason  VVldiiery,  .'^[Kikane:  Irrigated  fmits  are  iK-tter  in  every  respci-t  if  the  land  is 
dry  and  the  rainfall  short.     Some  years  there  is  no  need  for  irrigation  here. 

F.  A.  Huntley,  Nortli  Yakima;  1  cotijiider  ]injjH'rly  irrigaleil  fruits  superior  ia 
every  respect.  1  find  irrigutiou  in  July  to  stimulate  and  jirolongtlie growing  fitriixl. 
Noniirigated  tjections  often  lack  sullictent  inoisture  in  midsummer  to  mature  the 
fruits. 

F.  K.  Thompson,  North  Yakima:  Irrigated  fruit  is  larger  and  lietter  in  appearance 
and  HS  gocHl  in  flavor  as  uinrrigaled. 

Chas.  S.  Sim|json,  North  Yakiuja:  Irrigated  fruits  are  lietter  in  every  respect  than 
miirrigated. 

J.  H.  James,  Waitsburg:  Irrigated  fruita  are  a  great  deal  better  in  size  and  nicer 
in  every  respect. 

OKBT.ON. 

S.  A.  Miller,  Milton:  Irrigated  fruits  are  larger  and  the  flavor  is  usually  as  good, 
sometimes  lietter.  This  is  e8{iecially  true  when  tlie  nonirrigated  fruit  does  not  get; 
suHicient  moi.sture. 

R.  II.  Weber,  The  Dalles:  I  have  noticed  that  irrigated  fruit  is  apt  to  be  larger 
than  that  grown  without  irrigation;  flavor,  aroma,  and  general  apiiearanoe  would, 
however.  In-  in  favor  of  the  latter. 

Seufert  Brothers,  The  Dalles:  Irrigatetl  fruit  is  U)0  per  cent  better,  liut  water  must 
lie  IIS*-!!  with  judgment.  Do  not  irrigate  on  extremely  hot  ilays;  do  not  swamp  your 
land  and  cause  it  to  bake. 

J.  K.  Casey,  Ashland:  Irrigated  fruit  is  nuich  nicer  in  every  respect. 

f.\I.lFORN'M. 

W.  E.  Whitmore,  Whiimore,  Shasta  County:  J.  H.  Whiiinore,  at  2,000  feet  eleva- 
tion, on  a  slope  facing  southwt-st  and  on  a  little-  tlal  at  its  l>aHe,  mises  very  line  table 
grapes  of  various  kinds,  but  is  extremely  careful  to  give  very  little  water.  V.  tiutt- 
inann,  altitude  'J,&JO  feet,  has  lieautiful  Muscat  and  Black  Hamburg  grufies,  but  im 
he  kept  water  on  nearly  all  of  the  time  they  were  about  as  sweet  as  a  lemon.  Vruyt- 
erly  watered,  he  found  they  imjirrived  in  flavor. 

Owen  Daily,  Whitmore,  Shasta  County:  lrrigate<l  fruits  are  much  larger,  better 
flavored,  and  tiner  looking. 

George  A.  Laiiiitnan,  Anderson,  Shasta  County:  Irrigated  fruit  is  double  the  size 
and  is  lieautifnl  in  color  and  s[>lenilid  in  flavor,  while  nonirrigateil  is  rather  dry  and 
insipid  and  lacking  in  color. 

Fre<l  Si-harr,  Kedbhiff:  Hrojierly  irrigatinl  fruit  will  lie  one-thinl  larger.  Xonirri- 
gHte<l  fruit  will  U.<  more  aromatic  and  iN-tter  tlavoriMl,  but  the  large  size  the  market 
calls  for  must  be  secure<l  even  at  the  exiH-nse  of  (jtiality. 

O.  K.  tiraves,  Keilbluff:  Irrigatetl  prunes  are  much- larger. 
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Mrs.  Fitiiiia  K.  Ya^^r,  Mautoii.  Teliaina  County:  Irrigate)!  fruits  iiintun-  tetter, 
and  if  [impiTly  irriffiiteii  an-  tine  in  flavor  auii  appi'arancf. 

W.  K.  Huzi'n.  MaiiliM).  Trliaina  Cfiunty:  Irriiratwl  fniit  is  larger  anil  has  better 
Havoranil  xt-iu'ral  iijiin'iirancr.     Irrii^rateil  apple.H  npliir  hfttt-r. 

J.  L.  l-larhaiii,  Maiiton,  Teliama  Cuiinly:  lrri}«teil  fruits  art'  far  tetter  tlian  non- 
irrijrali'tl  in  every  way. 

(icorp-  II.  KliiurfKiv,  Curiiiu);,  Tehama  County:  My  experience  is  tliat  irrigHte<l 
I  fruit  is  superior  in  every  re(<i)ei't. 

G.  M.  Gray,  Chico,  Butte  County:  Irrigated  fruits  are  at  least  30  per  cent  tetter 
I  in  all  re-spectR. 

Rio  Bonito  Orcharil  Coinimny,  Biggci,  Butte  County:  Irrigated  prunes  are  tetter  in 
every  way.  Irripited  iwachi"*  are  larjier  and  handsomer,  Imt  in  flavor  and  an>nia 
they  un-  inferior  in  fre<'etone  peaehec  and  to  a  lei's  de>rree  in  clinga. 

L.  F.  Mo\dton,  Colnsa,  Colusi  County:  IrriijuU-d  fruit  is  much  larger,  equally  as 
fine  in  flavor  and  aroma,  ami  eM-ellent  in  jrcneral  appearance. 

C.  .\.  Thomas  Woodland,  Yolo  County:  The  character  and  unality  of  our  fruits 
are  improved  hy  irrigation.  The  almond  in  every  way  is  henetiletl,  and  adjacent 
orchards  «liow  the  advantane  of  irrigation  over  nonirrigatiou  with  equal  cultivation. 

Kdgar.J.  De  Pne.  Yolo,  Yolo  County:  We  are  irripitiiig  SIX)  acres'  of  fruit  trees. 
We  have  found  that  the  fniit  on  trecH  along  the  ditches  which  receiveii  more  water 
than  the  avenijte  was  <it  Inciter  i|nalily,  ami  matured  and  kept  tetter  than  that  from 
trees  which  had  li-ss  water, 

G.  W.  This.«ell,  Winters,  Yolo  County;  There  is  no  comj)arison  in  sixe  and  •piality 
tetween  iriijiated  and  ni>nirri):aled  fruit  when  the  tiees  need  water.  If  there  has 
teen  a  series  of  wet  years,  some  orchards  will  need  no  irri^;ation,  Imt  others  on  dif- 
ierent  soil  will  rwjuire  irrigation  at  the  proper  time. 

■  F.  B.  MrKe\'itt,  Vacaville,  8<d8no  Coimty :  Irrigat4>d  fruit  i»  larger,  e<|nally  h:nid- 
some,  and  has  the  same  aroma,  hut  the  flavor  is  not  so  fine  as  the  nnirrigated. 

Foster  Brothers,  Dixon.  Solano  Comity:  Irrigateii  fruits  are  far  superior. 

E.  .\.  <iannnon,  Conrtland,  Sacramento  C«innty:  Irrijialed  fruit  is  much  tetter  in 
eize,  flavor,  ami  general  appearance. 

Charles  W.  Landis,  I'olsom  City,  Sacramento  Ctmnty:  The  irrigatetl  frnit-  have 
tetter  size,  flavor,  arouja,  and  general  ap|'>e«rjincc. 

T.  .1.  Wagoner,  Hough  and  Keadv,  Nevada  County;  Irrigated  is  more  than  twice 
the  sine  of  nonirrigated,  and  the  amount  of  the  crop  is  tw  ice  as  great.  The  nonirri- 
gated  fniit  lacks  in  flavor. 

II.  T.  Fuclis,  Grass  Valley,  Nevada  County:  Irrigation  improves  iMith  size  and 
flavor  if  it  is  not  overdone. 

Feli.x  (Jillet,  Ncvaila  City,  Neva<ia  County;  My  experience  is  that  in  tlie  miiun- 
tains  vastly  Bner  fniits  and  nut-s  are  grown  by  regular  irrigation  to  the  imionnt  avail- 
able by  the  natural  retentiveness  of  the  soil.  In  smue  soils  several  gooit  soakings, 
especially  in  .liine  or  .Inly,  may  Ik-  enough,  though  more  frei|tient  irrigation,  say 
once  a  week  for  ten  weeks  or  more  on  soils  not  retaining  moisture  well,  may  te  even 
more  teneficial.  Irrigation  of  both  tree  fruits  and  grapes  should  stop  as  sixm  as 
they  have  attained  three-fourths  to  fonr-flfths  of  their  size  to  allow  them  to  acquire 
flavor.  I  have  a  Winter  Royal  pe«r  tree,  3;i  years  old,  the  largest  of  my  collection, 
which  tears  1,0(K)  pounds  of  |>ears,  which  keep  until  .April  or  May  and  then  ripen. 
The  fniit  is  me<lium  sized  and  very  juicy  witlumt  being  irrigate<l.  A  friend  planted 
n  tree  of  the  same  kiii<l  in  a  clover  jialch,  w  here  water  wa."  run  continually  and  lour 
or  Ave  crojis  of  clover  cut.  This  tree  grew  finely,  hearing  large  crops  of  pears  twice 
the  size  of  mine,  but  ripening  aliout  becemlier.  With  other  j)ears  I  lind  that  irriga- 
tion improves  them  very  much  in  size  and  general  apiHt-arance,  but  winter  kind« 
seem  to  lose  keeping  quality  if  irrigated  unless  it  is  ilone  moderately  and  stoppt'd 
rather  early  in  tlie  season.     The  difference  between  irrigated  and  uonirrigated  fruits, 
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as  far  ««  fize  mill  niMieral  apix-arain'i' are  I'niioerneil,  is  riTiinrkable,  though  I  luliiiit 
that  ill  ix-rtain  rirli  and  <l»v|>  wjilc,  naturally  moist,  an  tint"  [mil  can  l>e  grown  with- 
out irrigatiou  iu<  oii  dry  ><hullii»  tuiiU  witli  it.  I  tind  that  [uitu  i>r  all  kimls  an-  also 
liiUi'h  iiujirovifl  in  size  if  |int(>crly  irrigated,  and  if  irrigation  in  .«t<j|ij*d  when  the 
nuts  havi'  pretty  ni-arly  attjiined  their. -ti/.e  the  ijuality  will  not  lie  iinjiairetl.  Fil- 
berts areiniinenHily  Ix-uetiteit  by  irrigatlun.  Irrigation  luakeij  the  peaeh  more  juicy, 
which  is  ft  de<-ide<I  gain.  Compare  a  juicy  peatih  with  one  that  in  drj'  ami  mealy — 
what  a  difference. 

P.  \V.  Butler,  IVnryu,  Placer  County:  Irrigate<l  fruit  in  much  larger,  of  In-tter 
flavor  and  aroma,  and  generally  lietter  l<K)king. 

\V.  It.  Fountain,  Newcastle,  I'laeer  County:  lrrigate<l  fruit  is  larger  and  prettier 
and  is  all  right  to  eat. 

A.  K.  Biirtiham,  tlealdnluirg,  SntiMtim  County:  I  had  twenty-five  years' experience 
in  growing  fruit  and  vegetaldcj*  in  Utah,  where  I  had  lo  depend  on  irrigation,  and  I 
raiKe<l  us  tine  peaches,  plum:',  and  |>ears  and  lietler  ttpricob<  than  I  have  ever  raised 
Bince  coming  here,  both  in  mze  and  Havor.  and  I  have  had  aa  good  aa  any  eeen 
around  here. 

John  Koek,  Niies,  Alameila  County;  The  character  of  the  fruit  dei)endi<  ufton  how 
the  irrigation  is  done.  The  nee  of  too  mueli  water  will  hwcII  the  fruit  at  the  exjieuf* 
of  flavor. 

E<iward  M.  Khrhorn,  Mounlainview,  Santa  Clara  County:  I  cjin  see  a  great  differ- 
ence ill  quality  iiiid  llavor  of  irrigated  Iruils  if  not  Iiki  much  water  i.-  used. 

A.  UliX'k.  Sania  Clara:  Irrigateii  fi nits  are  larger  ami  lietter.  particularly  if  prop- 
erly fe<l  when  re<iuired.     .My  trees  arc  40  to  50  years  old. 

S.  P.  Sanders,  ('upertino,  .Santa  Clara  (^oniity:  At  the  West  .Side  Drier  the  man- 
ager declares  in  favor  of  nonirrigiited  fruits  on  the  ground  of  (Invor,  aroma,  eti-. 

.1.  II.  Flickinger  Company,  San  .lose:  Irrigateii  fruits  are  letter  in  size  and  gen- 
eral apiK-arance,  hut  not  as  good  in  flavor. 

F.  >l.  Klghter,  Caiiipliell,  Saiiln  Clara  ('ounty:  Irrigated  fruits  are  larger,  more 
acid,  and  oi  superior  appearauiv.      I  have  not  delifled  any  difference  in  aroma. 

H  HiHi|>s,  Wrights,  Santa  Clara  Cuunty:  Irrigated  fniils  are  larger,  hut  they  have 
li-ss  Havor  and  the  ireneral  HpiK-arance  is  not  eo  goo<I.  Si>nie  fruits  will  bear  heavier 
irrigation  than  others. 

W.  S.  Shelly,  Hullister,  .San  Benito  County:  Flavor  and  appearance  are  not  hurt 
by  winter  irrigation  and  size  is  increased. 

W,  W,  Hin.-'ey,  Fairoaks,  Sacramento  County:  Irrigatetl  fruits  are  better  in  every 
respect. 

J.  W.  Violett,  lone,  .\uiiidor  County  Tlie  si/e  and  L'eTieral  appearance  of  fruits  is 
greatly  iuiprovc'l  liy  irngatnni,  and  that  is  ilie  principal  point  to  Im?  gaineil  for  the 
grower. 

J.  M.  Harris,  Miami,  Muri]Misa  County:  Irrigaleil  (nut  liiis  lietter  color  and  liner 
api>earftnce  and  just  as  good  Havor  as  nonirrigaleil.  .Ml  kinds  of  fruit  miisl  have  a 
certam  Hiiiount  of  inoislure,  natural  or  artilicial 

Fnnk  hemmons,  .Miwahnee,  Madera  County ;  Irrigated  Iniits  are  better  developed 
in  all  their  ipialili«'s  it  water  is  used  with  good  judgment. 

C.  .\.  Walter,  lnde(>endence,  Inyo  County:  Irrigated  fruit  is  twice  the  size,  is 
sweet,  and  of  the  finest  llaMir. 

N.  .1.  Cooley,  Histiiip,  Inyo  County:  Irrigatwl  fruits  are  generally  larger,  hut  if 
irrigated  when  riperiing  the  (lavor  is  injured,  especially  in  the  case  ol  winter  apples. 

W.  T  Kitkiiian,  Merced,  .Merced  County:  In  this  region  irrigated  fruit  is  superior 
lo  unirrigated  in  all  res|KH'lK. 

Dr.  W.  N.  Slierman,  F'resno,  Fresno  County:  Irrigated  fruit  is  superior  in  size, 
(piality,  and  flavor.  Irrigated  trees  come  in'o  tiearing  in  one  lialt  the  tlmenl  other 
trees. 
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C.  Riwiiiiij;,  Frt*iMo:  Irri(mli'<l   fniit.-< 


vcniffo  imicl)  larcer  ami  as  a  rule 
BTV  miipli  l>ri>rliter  in  upi^arance.  Tlip  Havor  of  fniiti'  iniiipleii  to  this  section  is 
very  good  iinii  all  are  irriniileil  unli'SH  waltT  if  uvailuble  l>y  unrliTllow. 

Tliomif  Jai'ol),  Vi.Halia,  Tulare  Coiiiity:  Irrijiati-il  fruit  is  usually  niiich  larger  and 
finer  looking;  than  fruit  provvii  without  wati-r,  but  Ihi-re  i^^  Hinieiiiieptiou  n»  lo  flavor. 

J.  V.  Wclister,  Creston,  Saii  Luis  <>his[)<)  County:  Fniits  jirojierly  irrigateii  are 
almost  iuvariably  larger  ami  liner  in  iip|)eMranL-e,  but  usually  not  so  fine  in  arotna 
and  color. 

James  A.  Girani,  CViyucns,  San  Luis  Obicpo  County:  Irrijjated  fruit  is  lai^r  and 
better  in  ^reneral  apix^aniuce.  but  the  flavor  ami  aroma  are  not  !ni|»roved.  I  am 
inclined  to  lielit^ve  that  on  (JixmI  soils  fruit  does  uh  well  here  without  irrigation  as 
with  it. 

Elwoix!  Cooper,  Banta  Harliara:  Where  it  is  poKsiMe  to  (^row  truit  without  irriga- 
tion the  nuality  is  lielter;  they  art'  iiinre  lirm  and  better  in  every  way. 

O.  X.  Cadwell,  Carpinteria,  ."^nta  Barliam  Comity:  Our  Engliiih  walnute  need 
more  water  than  we  ean  get  to  finish  up  their  growth  and  ripen,  as  the  moisture 
leaves  the  ground  fast  from  the  last  of  July  to  Septeinljer  15,  when  they  seem  to  call 
for  more.     Mopt  of  our  ajiples,  [M>ars,  and  (leaehes  are  poor  without  irrigation. 

E.  S.  Tharher,  Xonlboff,  \'entnr.i  County;  In  high,  vvell-ilrjiined  mtualions,  such 
814  that  of  this  raueh,  all  kinds  of  fruits  that  will  grow  here  iiniy  be  irrigated  to  their 
great  advantage  a.«  to  size  and  beauty  and  with  tio  hkss  of  flavor  and  aroina.  .Some 
restraint  should  doid)tU«ti  1h'  useil  \i  hen  fruit  is  tilling  out,  but  to  ke<'|)  a  tree  in 
lively,  thrifty  growth  by  a  continnons  supply  <•(  moisture  in  a  well-cultivated  soil  tan 
only  impmve  the  quality  of  the  frnit  a?'  well  as  tlie  tpiaiifity. 

H.  J.  Denuison,  Nortlhoff:  Irrigation  will  givi-  fruit  one-third  larger  and  more 
juicy. 

Robert  Dunn,  Fillmore,  Ventura  County:  Irrigatefl  fruit  is  l)etter  in  size,  qaality; 
and  general  appearance. 

F.  F.  .'<tet(*ou  A  Co.,  Los  Angeles:  Irrigated  frnit  is  better  in  size  and  general 
appearance. 

tl.  K.  Chesebro,  Co^•ina,  Los  Angeles  County:  Irrigated  frnit  is  larger,  better  in 
flavor  iin<l  color. 

H.  I).  Hriggs,  Azusa,  Los  .Angeles  County:  Irrigateil  fruit  is  far  superior,  prijvided 
the  water  is  not  api>lie<l  too  near  the  ripening.  With  us  water  should  not  be  nsed 
closer  than  three  weeks  of  ripening. 

Henry  U.  Kngelhanit,  ( dendoni,  Los  Angeles  County:  VVstor  must  be  used  with  the 
best  |«issible  judgment,  and  when  tims  irrigated  a  tree  or  vine,  if  given  proper  cult  I  va- 
tion  t)etweeti  irrigation,  will  produce  fruit  which  for  size,  Hav.ir,  aroma,  and  general 
appearam-e  will  doubly  .surpa.s.s  that  from  a  nonirrigated  tree  or  vine. 

J.  .\.  <;raves,  .Mliandim,  Los  .\ngclcs  County:  For  my  own  use  I  would  prefer 
deciduous  fniils  grown  on  jirojier  land  wilhnnl  irrigation,  but  as  a  conmK'rcial  projjo- 
sition  1  should  prefer  to  grow  these  same  fruits  with  irrigation. 

William  Chappelow,  Monrovia,  Loe  Angeles  County:  Irrigated  fruit  is  by  far  the 
best  in  every  way. 

W.  W.  Bliss,  Duarte,  Loe  Angeles  County:  Irrigated  apricots,  phmis,  and  (teaches 
are  larger  and  more  juicy;  the  pits  of  the  fteaches  are  more  a[)t  to  spilt.  These  same 
fruits  unirrigated  are  firmer,  liner  flavored,  and  contain  more  sugar. 

L.  L.  Bequette,  Whittier,  Los  .Vngeles  County:  The  flavor  of  nonirrigated  fruit  is 
better,  aa  it  is  not  so  watery. 

J.  Edson  Smith,  Siinta  Ana:  I  have  'ocvu  growing  deciduous  fniits  for  twenty 
years.  Aa  a  general  proposition,  such  fruits  grown  in  southern  California,  with 
projier  irrigation,  are  l)Cttcr  in  size,  flavor,  aroma,  and  general  appearance,  both  of 
fresh  fruit  and  dried  or  canned,  than  frnit  grown  without  irrigation. 
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C.  P.  Taft,  f)rang('.  Itraiijie  (.'oiinty:  IrripittHi  fruits  are,  iii  nir  opinion.  mi[>eriorto 
niinirrigated,  i-liiimte  au<l  !>i>il  Ix-ing  the  same,  except  when  raided  on  naturally  moist 
Boil  where  irripition  is  uiine<es8ary. 

A.  S.  Urailfiird,  Fullerldii.  Oran^je  Connfy:  My  experience  ha«  Ix-en  entirely  in 
favor  iif  irrijoited  fruits.  I  huvi- nei(»liUirs  who  are  tryin(f  to  >trow  ileciiluoiw  fruitii 
with  no  irri^Mtiiiii,  ami  hunlly  t'verhnvc  any  fruit.  They  womler  how  1  always  have 
fruit  in  iUiuiKliiriiv  anil  fo  line.  Thi- secret  is  in  the  use  of  water.  liTi)0>tetl  fruits 
are  very  uiueh  liner,  lar^'er,  ami  liaiui.'^onier,  ami  the  flavor  is  exci-llent — none  lietter. 

J.  B.  Xeff,  Anaheim,  Orange  County:  Irrigaleii  fniits  are  tisuallr  much  larger  ami 
finer  in  apiK-araiice. 

C.  J.  Merrylield,  Colton,  San  Berriapclino  County:  Irrigateii  fruils  are  larger  ami  of 
finer  appearance,  and  a«  goiMi  in  flavor  as  can  fie  had. 

W.  P.  C'orwin,  IIi|jhlaud,  .'^an  Hernanliiio  County:  If  properly  irrigatetl  and 
thinneil,  the  irrifrated  fruit  is  lartjer,  tn'tler  in  flavor,  ami  in  jjeneral  appearann*. 

1.  Ford,  Kedlands,  San  Hernardimi  County:  N'onirri>rated  apples  have  high  color, 
but  in  a  dry  year  particularly  are  very  iiuieh  Biualler  and  i>f  jKinrer  i|uality. 

\V.  K.  .Vtwater,  Kiveraide,  Kiverside  ( 'diuity :  Kriiit  from  irripited  trees  is  larver 
and  more  juicy,  hut  when  overirrij;rtte<l  the  fruit  lacks  llavor. 

Edward  K.  Koethcn,  Riverside:  t  >ur  fruit  'm  all  irrij^iteil,  anil  apricots  froiu  non- 
irrigated  trees  are  Binall  as  rotn]iared  with  onrs.  Olive  trees  will  not  l)eur  here 
unless  irrigaicfl.     Orange  trees  would  die. 

James  M.  flyne,  San  Marciis,  .Sui  l>iego  County:  Irrigatetl  fruit  willi  lue  is  larger 
and  inure  fully  develo|K»il,  with  (lavor  fully  as  good  and  in  fact  umn'  luM-ioiis. 

H.  Culliert.'^oii,  Kl  Cajim,  San  Uiegu  Cnuntv:  In  nur  suil  all  the  good  i|UHlitie8  of 
fruits  are  iiu]iroved  hy  proper  irritMtion.  I  mean  hy  jirojier  irrigation  the  amount 
and  frei|ucncy  neces.sary  to  keep  the  tree  in  a  ihriftv  coiiditinii  so  that  at  nn  time 
does  it  show  lack  nf  water.  The  soil  may  l>e  oversuppliod  with  water,  when  hoth 
flavor  and  aroma  may  lie  seriously  affected.  On  our  dry  soils,  u  itlmut  water,  peaches 
will  have  a  hitter  flavor  alsiut  the  pit  that  is  never  found  with  irrigal*-*!.  .Apples 
without  irrigation  are  small,  tliick-skiniidl,  tough,  and  altogether  undesirahle,  while 
if  well  supplied  with  moisturi',  say  4  inches  jii-r  acn-  per  umnth,  will  give  gnnd-.si/.ed, 
Ihin-skinniil,  tender  and  juicy,  good-flavoml  fruit.  With  oranges  the  imire  regular 
and  lirojier  the  supply  of  water  the  tetter  the  rpiality;  very  little  water  will  not  pn)- 
duce  sweet  fruit.  I  nipro|>er  irrigation  of  oranges  is  doing  much  against  the  reputation 
of  California  oranges. 

Chester  liinin,  .lulian,  San  Diego  County:  Irrigated  fruits  are  larger  and  of  its 
good  flavor  if  projierly  irrigated,  hut  when  hi-avily  irrigatetl,  just  at  ripening,  they 
arc  a|it  to  he  hurt 

C.  J.  Johnston,  San  Diego,  San  Diego  County:  Properly  irrigated  fruit  is  always 
•nperior.  Size,  flavor,  annua,  and  general  apiiearance  are  almost  under  <-vmtro|  of 
the  grower  who  has  irrigatiim  water. 

The  fofcorninc;  tfstiinotiy  cfftftinly  cshal^lislios  hovoml  ijin'.-.liuii  the 
(jiuility  and  loiimn'ii-itil  stim(iin^  of  irrijfiited  t'liiit  ihioiijjfli  iiioii"  thtin 
a  thou.sjiiui  tiiilcs  of  distaiu'i?  alotijr  tlie  I'tnitif  cnnst.  In  this  di.-^taiice 
tho  coiiditioiis  nm^c  ffoin  ftiiilv  wintfv  to  .strictly  scmitfopicnl  and 
from  fully  arid  to  (jiiitc  luiniid,  indited  by  the  aiimml  iiiiafall.s  in  the 
dirtVivnt  loralitios.  In  idi  tliesL-  wicli'  raii}j;e.s  tlnTc  i.s  the  evidence  of 
cxtetided  exprrience  llutt  iniyation  improves  fruits  in  till  respeft.s,  pro- 
vided water  is  .supiiiicd  at  times  and  in  umoiiiits  whieh  trees  iiiidtT  the 
different  eirciimstanees  reipiire  for  the  be.st  di.seharfje  of  their  fiiiit- 
bearing  fimction.     Obviously  there  areeonditions  under  whieh  irriya- 
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tion  is  unnwi>s.snrv,  !in<l  tlitro  is  irrij^iition  |>nioti<'f  whicli  may  tend 
towiifd  the  development  of  soiiip  desiraide  ehnnictei's  and  the  los.s  or 
reduction  of  otliers,  init  these  facts  do  not  militate  at  all  apiinst  the 
wise  use  of  water.  The  cases  in  whirh  preferi'iice  is  expressed  for 
nonirrijjjited  fruits  are  manifestly  those  in  which  the  natural  moisture, 
conserved  dy  thorough  surface  cultivation,  is  adeiiuate.  Wlien  this 
is  the  case,  an  excess  of  moisture  by  irrij^ation  is  liable  to  work  injury 
by  enlarfjement  at  the  expense  of  quality,  and  jrrowers  are  ([uick  to 
detect  tills,  hut  (he  other  end  of  tlie  scale,  where  quality  is  lost  hecau.se 
the  moisture  is  iiiadei|uate  to  the  devolo|)uieat  of  fair  size,  is  mori-  apt 
to  l>r'  overlooked.  The  hent  of  the  tree  seems  to  be  toward  the  attain- 
ment of  size  in  its  fruit.  If  it  is  sharply  arrested  in  this  l)y  droujfht 
the  friut  is  touj^h,  acrid,  and  .scant  of  perfume.  If  the  moi.stui'c  i.s 
excessive,  so  that  the  tree  lias  free  course  to  indulge  its  hent  for  size, 
it  f.iils  to  develo])  (puility. 

IRRIGATED  FRUIT  IN  LONG-DISTANCE  SHIPMENT. 

The  next  point  id'  ini|uiry  was  as  to  the  suitability  of  properly  irri- 
giited  fruit  f<n'  shi|iment  lonu;  di.staiices.  as  is  reipiired  by  tin*  ]iresent 
state  of  the  world's  fruit  tnide.  Ihirinj''  the  last  <piarter  of  a  century 
fresh  fruits  from  deciduous  trees  have  been  carried  longer  distances 
in  tile  world's  commerce  than  ever  before  and  in  ([uantities  altogether 
bcyonil  anticipation  indulged  in  at  the  beginning.  It  is  also  true  that 
ihc  fruits  of  this  class  which  have  successfully  traversed  longi'.st  dis- 
tances are  those  grown  liy  ii'rigatiou,  The  emidoyuienl  of  ii-rigation 
is,  of  course,  not  the  cause  of  this  exceptional  durahility  during  trans- 
portation. The  absence  of  rain  and  the  consequent  atmospheric 
aridity  during  the  di'velopniciit  of  the  fruit  are  the  chief  causes  of 
the  peculiarly  durable  tissue  of  the  fruits  and  are  the  causes  also  of 
the  resort  to  irrigation,  which  enables  the  tree  to  .so  thrive  upon  adequate 
soil  moisture  that  it  is  able  to  meet  both  the  thirst  of  the  air  and  the 
reipuremcnt  of  the  fruit.  Fruit  grown  in  a  dry  summer  air  is  of  the 
most  lasting  character.  This  was  demonstrated  by  experience  in  parts 
of  California  where  the  winti-r's  rain,' conserved  by  constant  snnnner 
•  •nllivation,  was  adequate  to  the  needs  of  the  trees  and  \ines.  .\t  lirst 
it  WHS  a  (juestion  whether  the  san»o  effect  could  be  .secured  by  irriga- 
tion during  the  dry  season,  and  the  impression  that  it  could  not  |)i'c- 
vaitetl  iptite  generally.  Later  ex|iei'ience  shows  that  this  impres-ion 
was  wrong,  and  there  can  [wrhaps  he  no  more  sweeping  demonstration 
of  tliis  than  the  fact  that  by  far  the  greater  part  of  the  I'acilic  coast 
fruits  successfully  marketed  on  llie  other  side  of  tiie  contuieiit  and 
even  beyond  the  Atlantic  Ocean  is  grown  i)y  irrigation  as  a  supple- 
ment t<r  winter's  rainfall.  Still  this  fact  is  not  wholly  appreciated,  and 
among  growers  unaccpiainted  with  irrigation  pi'actice  there  is  still  too 
wide  a  belief  that  it  is  the  artllicial  nse  of  water  which  makes  tMiit 
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soft  and  perisliuljli'.  Tliat  this  is  not  the  ciise,  whi.'ii  the  wiitcT  is 
wisely  used,  is  supported  hy  tlie  fullowiiifr  decliimtions  of  experience 
and  observation,  altliough  dissenting  opinions  nvc  ulsu  included: 


^ 


W.  G.  Whitney,  Payette:  I  have  lia<l  tliu  \ntst  nf  miici^h  in  ^^hilv|nll^f  irriijated  fruit. 

A.  Mi'l'licrscin,  Boiw:  My  exjKTiftice  in  slii|>|iiii;j  irriimleil  iniif.«  hiic  Ix't'ii  very 
fwliyfaclory. 

L.  A.  Porter,  Porters:  fiiirrigiit*'!!  ii|iiitefl  ar«  usually  better  keepere,  bs,  not  being 
fully  muturi'il,  tlicy  will.  With  UartU'tt  |n■ar^  the  rule  in  revert^ed  ami  the  irriuatert 
pear  will  hold  ti))  iimi'li  better.  All  irripite<l  (roils  are  the  iK'St  sellers,  mi  aecount  of 
size  and  general  pHxl  ijualitiea.  I  ship  east  mme  200  car«  annually  from  both  irri- 
^led  and  niiirriitated  seetiuns. 

WASHINGTON. 

E.  H.  Libby,  Clarkston:  Well  jirown,  well  pifke<l,  and  well  (Meked  irrigatetl  fniiu 
ship  safely  and  catisfacturily. 

F.  K.  Thompsiin,  North  Yakima;  i  havi-  liail  ten  years'  experience  in  fruit  sliip- 
pini|»,  and  have,  shippeil  irrigated  fniil  as  far  as  New  York  City  without  couiplaiiits. 

J.  H.  James,  Waitsburg;  I  have  Imil  ({(xxl  sncce*!  in  i-hi|ipini<  irri^nited  fruit. 


8.  A.  Miller,  Milton:  Irritsated  fniit  is  always  in  demand,  as  it  is  larger  and  of 
hiphi-r  fohir  than  the  imirrisralefl. 

R.  II.  WelxT,  Tlie  |);dles;"N(>iiirri>riiteil  fruit  beintr  Hriiier  will  stand  shippint; 
better. 

.^?nfert  Brfithers.  The  Dalle.-:  Our  irri^ruted  fruit  has  shippeil  suceessfnlly,  and  we 
raise  three  to  four  times  as  iiiuch  per  acre. 

J.  R.  C'aaey.  Ashland:  Shippers  prefer  irri^atetl  friiila. 

C.\l.II'oRNl.A. 

Georee  A.  I^mimaii,  .Vnderson,  Shasta  t'nunly:  I  have  shippoil  irripated  fruits  for 
five  years  with  an  increasiii'^  lU  inaml  tor  ihciij.  I  have  not  ship|K'd  nontrrigated 
fruiti<,  as  tliey  are  too  small. 

W.  E.  Hazen,  Manton,  Tehama  Ciniiity;  1  have  no  tnnil'le  in  shippind  w>r  in  sell- 
ing irritated  fruits. 

O.  E.  Graves,  Kedlilnft.  Tehama  County:  I  have  sold  irrij«\ted  prunes  to  shippers 
usually  at  (;oo<l  prices. 

Fred  Scharr,  Redhlutf:  When  a  tree  pets  too  imnh  water  (lie  frmt  will  be  wifterand 
will  not  ship  so  well.     The  care  is  to  irripate  d«'[ier  and  not  so  often. 

Geor^'  II.  Flournoy,  t'tirninp,  Tehama  C'oiinty.  Irrigated  fruits,  aiiil  m  fact  all 
irrigati-tl  products,  carry  as  well  as  nonirritjated. 

L.  F.  Moulton,  Colusa,  Colusa  County;  Reasonably  irrigated  fruits  are  so  much 
larger  and  liner  in  apfn-aranee,  and  as  the  flavor  is  not  deteriorated  and  the  shipping 
qualititrs  not  im|>aired,  it  follows  that  such  fruit  is  nmi'h  sought  for  hy  shippers. 

F.  B.  MeKevitt,  Vacjiville,  Solano  County .  Irrigatei!  frmt  prow n  on  uplamls  and 
where  there  is  considerable  iron  in  the  soil  ships  perlectly.  ( )n  heavier  land  it  .lot's 
not  show  the  same  .shipping  i|imlity. 

Foster  Brothers,  Dixon,  Solano  County:  Pi-ache»,  prunes,  and  Bueh  fruits  stand 
fihipping  well  when  irrigated,  but  pears  do  not. 

K.  A.  Gainnion,  tViurtland,  Sacramento  County:  My  experience  in  shipping  irri- 
gate<l  fruit  has  been  go*xJ;  tliere  ia  no  hesitation  on  the  fiart  of  ship(ien  to  buy 
irrigate<l  fruits. 
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W.  W.  ilinwy,  Fairtjnks',  Sacminento  County:  Beinu  iiinn-  juicy,  llie  irrigated 
fruits  will  (lerliaps  not  carry  so  well,  but  they  will  sell  lielter,  and  wu  grow  fniit  to 
Bell,  not  to  keep. 

Charles  W.  Landi.-i,  Kolsoin  City,  Sacramento  Countyr  Buyers  .seldom  distingimh 
1)etween  irripHted  siin!  imnirri^itccl  fruit,  l>tit  wliut  aimninl*!  to  the  same  thinn,  they 
«et  Rtandards  of  size-,  i'l<'.,  which  arc  more  Hurcly  ntlahied  hy  irrigation.  With  the 
exreption  of  the  iiiildewinir  "f  jtrapi'S,  I  have  never  lieard  any  coiMjihiint  that  irri- 
jjated  fruitrt  did  rmt  «hiji  a.-  well  as  n(inirri;riiteil.  When  fniit  is  wild  on  Ihc  trees  a 
clause  is  inse-rted  in  I  he  lontnict  as  to  irrisraliim. 

T.  . I.  Wagoner,  Kougli  and  Heady,  Nevada  C^ninty:  Irrigated  fruits  are  not  good 
in  shi(>liing  if  they  are  allowed  to  Ijeeoine  too  liig  and  juicy. 

T.  J.  Kitch,  Ivooniis,  I'liicer  County:  The  shipping  cjuality  of  properly  irrigated 
/ruit*<  seems  to  he  demoiislratetl  hy  the  fact  that  such  frnit.s  constitute  a  considera- 
))le  part  i  if  our  casUtu  shipuienlj;,  and  hav  for  the  lant  twenty  years  or  more.  In  1M02 
almost  one-third  nf  ihe  fresh  fruit  .•'cnl  east  wa.s  shippcrl  fmm  I'lacer  Comity,  where 
irrigation  is  .sine  <|Uii  noii.  It  ii|iiiis  out  well  if  pri>|nTly  packwi  mid  cared  for  in 
transit. 

P.  W.  Butler,  I'enryii,  Placer  Cmiiity:  There  is  hut  little  nonirrigateii  Iriiit  grown 
in  this  section,  and  this  is  gcnerulty  rejecleil  hy  shippers  hecnuse  oi  its  inferior  size. 

W.  R.  Fountain,  Newc.istle,  Hlai-erConnty:  In  oin- home  market  we  have  shippera 
and  buyers  both  soliciting  irrigated  fruit,  and  it  is  ea.sy  either  to  consign  or  to  .sell. 

\V.  SharwoiKi,  Sonlshyville,  Tiiolmmie  County:  The  apples  from  onr  irrigated 
orchards  an'  said  1o  bring  the  highest  prices  in  Ihc  San  Fnini'iM-o  market.  No  one 
is  foolish  enough  lo  try  ti>grow  fniil  in  this  district  vvitluiut  irrigation. 

.1.  M.  Harris,  Aliami.  Mariposa  County:  I  have  had  good  BUeeess  iu  selling  irrigated 
fruit*. 

John  K'>ck,  Niles.  .Vliimcda  County:  Irriuatcd  fruit  will  cjirry  well  if  irrigation  is 
done  in  the  winter  or  while  the  fruit  is  smaH. 

Edw.  M.  Khrliorii,  .Mountainview,  Santa  Clara  County:  I  have  ha<i  no  ilifiiculty 
in  shipping  irrigated  fruits. 

.\.  Block,  Santa  Clara,  Santa  Clara  County:  My  experience  favors  irrigate<l  fniit 
for  shijiping,  provideil  it  is  not  irrigated  too  close  to  HfH'iiing. 

S.  I'.  Sanders,  Cupertino,  Santa  t'laru  County:  I  only  irrigate  in  winter  from  a  tor- 
rential stream;  such  irrigation  is  held  not  to  affect  the  <arrying  quality  of  shipping 
fruits. 

H.  Hoops,  Wrighti»,  Santa  I'hini  County:  I  have  generally  imjirnved  (he  ipiality 
of  my  fruit  by  irrigation,  and  therefore  g»'t  better  prices  from  fruit  sbipiiers. 

J.  V.  Webster,  Creston,  San  Luis  (Jbispo  ("ounty:  My  experience  is  that  irrigated 
fniit*  tlo  not  shijiso  well  as  nonirrigaled,  riecaying  and  t.iding  in  colnr  miK-li  more 
rapidly. 

Dr.  W.  N.  Sherman,  Fresno,  Fresno  t'ounty:  For  eighteen  years  we  have  obtained 
the  highest  prices  on  table  graiies  i>(  iiiiy  shipped  fnim  lliis  State.  In  liK)2  uur  table 
grapes  netted  tis  $.i(H1  per  acre.     The  fruit  is  grow  n  w  itli  irrigation. 

.1,  S.  McC/orinick,  Fivsno:  We  irrigate  everything.  We  .sell  to  ahipjieis  to  ship  the 
fruit  to  Ihe  east,  iind  hear  no  ciimplainl  iitmiit  its  not  keeping. 

George  C.  Roeding,  Fresno:  Ship|>ers  take  irrigated  fruits  as  readily  as  nonirri- 
gated,  and  they  carry  fully  as  well. 

Charles  Powning,  .\rmona,  Kings  County:  My  [jears,  grown  on  trees  subirrigaled 
hy  wepage  Ironi  main  canals,  have  always  brought  top  prices  in  New  York  and 
Chicago.  I  have  ,shif>ped  peaches  from  trees  similarly  irrigiiteil,  hut  while  s<inie 
have  lironght  giKul  prices  the  result  as  a  whole  has  not  Ijten  satisfactory,  the  claim 
being  made  hy  I'lmsigni'es  in  many  in^'tances  that  the  peaches  from  the  district  do 
not  carrv  as  well  us  those  from  the  mountain  districts. 
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Thomas  Jiicob,  Visjilia,  Tiiluri- County:  Kniit  prown  on  )'i\v  liiiul  or  where  luiirh 
wat«?r  ifi  tiFe<l  lUtes  not  sfem  to  I'arry  n.*  well  an  fiiiit  ^roH ii  on  ilrier  luml. 

C  A.  Waltfr,  IndejH-niU'nce,  Invo  County:  Irri;»ti-<1  fruit!'  are  Ih.'s1  for  8hii>i.in|{. 
They  are  firmer,  have  better  tulor,  ami  look  better  wlien  paekeil  tliun  fruit  that  has 
l>een  scant  of  water. 

N.  J.  Cooley,  Bishop,  Inyo  County:  I  have  ninrket  for  more  irri^rnli-il  fruits  tlian 
1  can  supply,  and  alwayx  at  top  pril•e^. 

William  Chap|>elow,  Monrovia,  l>is  Angeles'  County:  1  think  unirriiiiiteil  fruit 
hanille«  U'i't, 

W.  \V.  Blij*!,  Huarle,  Los  Angeles  County:  Nonirrigated  fruit  ships  lietter,  as  it  is 
firmer  than  irrigated  fruit. 

Henry  !•.  iMigclhardl,  tilendora,  Los  Angeles  County:  For  shijuiiii);  purposes,  give 
me  the  irrigatecl  (niit  every  time. 

L.  L.  Bcxiuette,  Los  Xietos  ( Whittier),  Loa  Angeles  Comity:  Irrigtited  peairhes  and 
aprii'ots  will  not  stand  shippinj:  ko  well. 

A.  D.  Bishop,  Oranifo,  Orange  County:  I  have  been  shipping  irrigated  fruits  ami 
selling  to  shipiH-rs  for  nion-  than  twenty  ye^irs  with  satisfactory  results. 

W.  ,S.  Corwin,  Highland,  .Sui  Bernardino  County:  A  large,  juiey  apple,  if  picked 
at  the  proper  time,  will  keep  fully  as  well  as  nonirrigated  fruit  and  will  sell  (or  a  far 
higher  price. 

.1.  }l.  lieeil.  Riverside,  Riverside  County:  U'e  ship|>ed  no  fre.sli  fruits,  hut  our  irri- 
gated fruit  was  much  nought  lor  by  the  load  trade  liei-ause  of  size  and  general 
apiM-arance  as  well  as  (piality. 

Heme!  Land  Company,  llemet.  Riverside  County:  We  get  the  top  [)rice  for  all 
the  irrigated  fruits  we  raise. 

T.  .1.  Bryan,  U»niongrove,  San  Diego  County:  I  never  shippi-d  anything  but  irri- 
gated fmit,  which  ships  well  il  properly  liandlet.l. 

Chester  (iunn,  .fuliun.  Siui  Uiego  County :  Wiicre  irrii.'itted  early  the  fruit  is  large 
and  well  colored,  ami  pri  I'erred  for  shipping  to  tliHt  not  irritfiiled. 

C.  J.  .lohn.ston,  San  Diego,  San  Diego  County:  1  do  not  dip  lemons  immediately 
after  irrigation  or  rains.  The  fruit  is  apt  to  be  too  sappy  to  liold  up.  1  wail  lour  or 
five  clays  Iwlore  clipping. 

AKIXONA. 

A.  J.  .McClati'hie,  riioenix:  1  shipped  irrigated  fruits  regularly  to  the  I'au-Ameri- 
can  Rxfioeitioii  at  Buffalo,  K.  Y.,  with  success. 

TIk'  foi('i(i)iii{r  stutoiiiiMU.s  cstiililisli  l»ov<nnl  iitit'stidii  Hie  availiiliility 
of  irngnted  fruits  f«r  shipping  im<l  iillonl  waiiiiiit^  iifiiiinst  tlio  excess- 
ive* H.sc  of  water  iilso,  for  it  is  clour  that  tliow  of  o]>|io>iiijr  view  sjKMik 
fioiti  experience  with  tin  tiinount  of  soil  inoistufe  whlt;h  ])fuiiiute(l 
oveif{iowfli  iiiid  softiH'.ss  of  ti.vsue.  Some  fniils  are  more  iialile  to 
this  evil  ellect  tluiii  others  on  iieeoiint  of  their  own  cliaiiieteristie  pulp 
fornintion.  It  is  also  true  tliut  perislmUility  in  the  imlp  is  flue  to 
excessive  intiisturo  supply,  whellier  it  be  fiom  uiitural  underHow  or 
from  irripitioii,  and,  as  mio;ht  lie  expected,  the  greatest  dangers  in 
inigntton  are  likelj-  to  lie  encountered  on  low,  rich,  iiiul  retentive 
soils  an<l  the  lea.sl  danger  in  soils  naturally  drier  and  oia-n  to  a  fret; 
movement  of  water.  This  diversity  in  soil  and  sitiuition  e-xjiluins  some 
of  the  contiadiction  in  the  testimony,  while  other  indications  of  the 
destiuctioii  of  shipping  quality  are  due  to  ungual ded  use  of  water. 
.HWlW-No.  168—06 H 
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SUITABILITY  OF  IRRIGATED  FRUITS  FOR  CANNING, 

The  next  iiKiuirv  sis  to  tin-  \iiliic  of  |irojx>rly  irrijfutol  fruits  n»lnted 
to  tlirir  siiit:il)iiity  for  nimiiii!.'.  I'poii  this  point  tlicrr  has  hi>('ii  loss 
t'oiitrovtTsv,  iiiui  yet  chiims  of  su{»rior  rii-hm>ss  iiiirl  linimoss  in  unir- 
rifnileil  fruits  always  ciirrv  ii  reference  to  thinness  of  juice  and  iiuishi- 
iics>  ill  pi'ocessinjT  which  hnvc  heen  freely  iiltriUiitcfl  lo  irrii.'!iiioii. 
\\  hen.  however,  it  is  shown  that  ii'ri>fation  can  he  nsed  to  the  i.'cneral 
improvement  of  the  fruit  trees  which  tire  scant  of  luoisture  durinj;  the 
filling,' and  ripenitijj  period  of  the  pi'odiict.  thi- iinprovement  incliKles 
the  chanicler  which  ciinncrs  espi'ciaNy  esteem  ami  arc  witliii«j;  to  pay 
extra  prices  for.  That  this  is  true  is  shown  by  the  followiriff  declara- 
tions which  refer  to  irrif.titcd  fruit,  particularly  froni  ttie  caiuier's 
point  of  view; 

IlUltO. 

.v.  MrPherson,  Boise:  I  have  caniiecl  my  own  irrigate*!  fruit  aiifl  have  sold  it  to 
canners — U>lli  very  sitisfactfirily. 

WA8HISC1TOS. 

J.  II.  .lames,  Wait.sl)urg:  1  have  found  irrigate*]  fruit  a  little  too  juicy  for  iviinin^. 
h".  E.  Thompjoai,  North  Yukiniii:  I  havt-  only  cannefl  irri)nitci!  fniit  for  our  own 
use.     We  (Miisiiier  it  tine. 
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OREGON'. 

.'Seufert  Brothers',  The  Daltes:  We  eaii  our  irriirated  fruit  and  fell  it  well. 
2.5  i>er  cent  more  for  irrigated  fruit  and  timl  it  i-lieHper  lor  our  eainiiiijt- 


We  {)ay 


CALIFORNIA. 

Owen  Dailey,  Whitiiiore,  Shasta  County:  I  prefer  irrigated  fruit  for  canning. 

(ieorge  .\.  taniinuin,  .\iiderson.  Shasta  County:  Canners  pay  I  lie  highewt  prices 
for  irrigated  fruit,  espeiially  jiean*. 

W.  K.  llazen,  Manlon,  Tehama  County:  Irrigate*!  fruita  can  well  and  are  profit- 
alily  fold  to  rjtimer!). 

.1.  t.  Barhani,  .Mantoii,  Tehama  County:  Our  fruit  brings  the  highifit  prices  and  it 
is  all  irrigated.     1  have  sliipped  to  the  ea-utern  markets  right  troni  the  tree  motly. 

George  H.  Flournoy,  Corning,  Tehama  County:  I  have  received  top  prices  from 
cannere  for  irrigntt-d  fruits  nn<l  never  heard  any  eomplnint.  For  home  canning  I 
jirefer  irrigated  (ruit. 

(j.  -M.  (iray.  Chu-o,  Biilte  County:  My  exjierieiu'e  in  laniitng  irrigated  fruita  and 
in  selling  them  to  tannern  has  l)een  very  satisfactory. 

Rio  Honilfi  (irrhanl  Company,  Biggs,  Butte  County;  Our  experieui-e  in  selling 
irrigated  Iruil.s  to  cimner!*  has  l)een  (iatinfaclory. 

L.  F.  Moulton,  Colutiji,  Coluwi  Coitnty:  Being  niucli  larger,  ¥mo<itlier,  and  finer, 
the  irrigated  fruits  cunimand  the  highest  and  liest  market  among  Itie  canners. 

F,  B.  McKevilt,  Vacaville,  Solano  County:  As  a  general  thing  can  tiers  prefer  irri- 
gated fruits  bemuse  of  the  larger  sue. 

Fo.-ter  ItroihiTs,  llixoii,  .Sulano  County:  Irrigated  peaches  and  apricots  are  superior 
for  i"anning,  but  not  pears. 

E.  A.  (iammoii,  Courlland,  Sacramento  County:  .My  experience  in  canning  irri- 
gated fruit  has  been  good.     I  have  do  trouble  with  it. 
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REr.ATT(»N    OF    IRRTOATrON    TO    VAU'K    OK    FRUITS. 
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T.  .1.  Waamnr,  Ki>tij!li  mid  Kcaily,  Xcvada  (Vmiity:  r'anners  will  nut  have  Hip 
iiiiirrijrate<l  fmit  if  they  kimw  it.  While  the  irriiratiil  fruit  sells  i|iiickly  the  other 
18  <inll. 

P.  \V.  Butler,  I'enryn,  Plaier  t'onuty:  None  Imt  irri^fatcil  frnitsciiii  l)esinves!'fully 
(?rown  ill  thi."  K^'tioii  for  ranninii. 

W.  K.  Fountain,  Newcastle,  Placer  County :  Cannery  are  alter  our  irrigate'l  clina- 
gtone  iieaches. 

C.  II.  Bentley,  San  Francisco:  The  (|ueHtion  of  irrigation  is  of  vital  interest  to 
everyone  enjpigeil  in  the  hniiiliinj:  of  California  fruits.  From  the  canners'  point  of 
view  there  can  l>e  no  question  as  to  the  lienetit  of  )nl4'llit;ci)t  irii^ation  in  .-^lils  whidi 
nHjuire  it.  Peaches  are,  iierhai^s,  our  sta|ile,  and  their  nuality  i.s  generally  improved 
by.irripatioii  except  when  Ihey  are  grown  in  a  soil  that  enjoys  a  natural  suhirri- 
gation. 

John  rtoek,  Niles,  .AUinifdii  County;  Canners  never  object  to  irrigated  fruit  if  it  is 
large  and  linn.      Ijir^'c  sizes  bring  lietter  prices'. 

Kdward  M.  F.lirliorn,  MounUiinview,  Santu  Clara  County:  I  have  had  noditticulty 
in  shipping  irrigate<l  fruits  to  canners. 

A.  Block,  Santa  Clura,  Santa  Clara  County:  1  have  no  troulile  selling  irrigated 
fruits  to  canners;  on  the  contrary,  they  like  it. 

S.  P.  Sanders,  Cu|)ertino,  Santa  Clara  County:  Canners'  agents  )ni|uire  on  buying 
if  apricots  have  been  irrigated,  and  prefer  those  that  have  nrjt  U'en  irrigateil  late. 

J.  H.  Flickinger  Co. ,  San  Jose,  Santa  Clara  County:  Irrigated  fruit  is  goo<l  for 
canning. 

F.  Af.  Kighler,  Campbell,  Santa  Clara  Coniity:  We  think  irrigated  fruit  is  liest  for 
canning  and  cininers  prefer  it,  though  its  .superior  size  may  have  most  to  do  with 
their  preference. 

Dr.  W.  N.  Sherman,  Fresno,  Fresno  County:  Where  fruit,  peaches  Jn  juirlicular, 
is  thinned  and  watereil  nt  the  projKjr  time  it  is  much  hirger  ajul  great ly  superior  in 
every  respect  for  canning  purpose)*.  We  have  canned  from  4, 000  to  7,IXXI  cans  a  year 
of  such  fruit  with  sud'et*-. 

J.  S.  McCormick,  Fresno:  We  sell  irrigated  fruit  to  liH-al  canners  and  to  the  can- 
ners of  San  Francisco  at  satisfactory  prices. 

(ieorge  C.  Roediiig,  Fresno:  The  tlavor  cjf  canned  fruits  from  irrigated  sections,  is 
excellent. 

Frank  Femnions,  .Miwahnee,  Madera  County:  Irrigated  fruit  canoed  for  home  u.«e 
has  given  entire  satisfaction. 

J.  M.  Hams,  .Miami,  .Muriposi  County:  1  have  had  good  suci-ess  in  canning  irri- 
gate'l fruit,  I  have  now  a  jar  of  irrigateil  peaches  that  I  put  up  in  1877.  Irrigated 
fruit  s<ild  for  canning  has  always  brought  the  very  highest  price. 

Thomas  Jacob,  Visalia,  Tulare  County;  We  think  either  very  moist  land  or  irriga- 
tion necessary  to  make  gooil  canning  fruit. 

W.  S.  Shelly,  Hollisler,  San  Benito  County:  Winter  irrigation  is  no  detriment  to 
fruit  for  canning. 

J.  V.  Webster,  Creaton,  San  Luis  (ibispo  County:  Manifestly  size  and  general 
apiH-arance  are  eminently  es.^ential  in  frtiits  for  canning,  and  irrigation,  properly  pur- 
sueil,  tends  towanl  those  chanu'teristics. 

Robert  Dunn,  Fillmore,  Ventura  County:  1  prefer  irrigated  fruits  for  i-anning, 
and  my  experience  is  that  canners  take  the  Iiest  fruits,  which  can  usually  only  lie 
secured. from  irrigated  trees. 

K.  F.  Stetson  &  C^3.,  Los  Angeles:  We  use  nonirrigated  fruits  nluiost  wholly,  but 
firmly  believe  that  the  fnnt  would  he  of  lietter  quality  if  the  trees  were  irrigatcti 
moderately — .fay,  twiie  during  the  season's  growth.  We  Ix-lieve  such  fmit  would  f>e 
of  lietter  size,  Havor,  texture  (being  tinner  or  less  mealy),  would  cook  letter  and 
look  Ijetter  after  canning.     Irrigutol  j«eaches  have  less  rcti  around  th«  ^\t. 
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Ilenrv  I).  Kiig(illiiir<lt,  (ili-iulora,  L'jh  Anirt-les  Coiinly;  I'ro|>erly  itriKatt-tl  fruit 
will  oan  Ix-wt,  Imt  overirrijwieil  fruit  will  lit-  watery  »iiil  will  siKiil  easily. 

H.  D.  Briftj^s,  Azusa,  l^>»  Angeles  County:  For  iiinetet'ii  year;^  I  have  i-aniie<l, 
largely  iiir  linriio  use,  and  have  wjUI  liirge  biik units  to  eanners,  ami  always  re<'eive<l 
the  tcip  i>ri<'e  for  well-ijruwii,  initn«teil  fruit. 

W.  W.  J51i(-s,  Diiarte,  Lnt'  .AufreU-s  Cnunty:  1  have  »ilil  liiit  few  [n-aches  to  fiiiiners. 
For  our  mvn  um-  we  like  iioiiirriiniteil  fruits  lietter. 

J.  B.  Neff,  Analieitu,  Orauue  Couiily:  Caiiuer.-*  buy  irri>;ii1fil  fruits  in  )irelereni-e 
lieeanw.'  of  siiiterior  fize.  The  fruit  will  he  ei|ually  Miliil  a.-<  the  uniiirrinilteil  if  imt 
walereii  within  one  nmnth  of  ])ickinK. 

C.  P.  Talt,  (Irange,  Orange  County:  Fruit  irri^riiteii  hefore  ri]ienin)»  is  l)etter  for 
dryint;  hut  nnt  for  Khipiiing  or  canning,  hnt  fruit  on  any  aoil  which  laoks  Butlicient 
nioigture  will  K-  UHter  if  irri^nteil  whether  dried  or  wjld  to  fanners. 

A.  S.  Hrarlford,  Fullerton,  OrHn^ie  C^mnty:  We  never  have  any  trouble  canning 
irriirated  fruit,  ami  oilmen'  (irefer  irriirated  fruit--*  Iweause  they  are  larger  and  finer. 
Siiili  fruits  i-otuniund  atwuit  ?iMI  i>er  ton  more  on  iieeount  of  size,  ete. 

C.  J.  Merrylield,  Coltoii,  Sim  I'.eriiarilino  Counly:  Cannetl  irrigated  fruit  has  a  fine 
appearance  and  sujieri^jr  tlavnr. 

W.  S.  Corwiii,  IMjrliliiiid,  Sun  Bernardino  County:  I  have  had  firsit-clatw  i<neoe«jin 
tnnning  irriguted  fruit-^  and  in  Melling  to  eanners. 

James  Boyd,  Riverside:  No  objection  U  ever  made  to  irrigated  fruit*  l>y  eanners; 
on  the  contrary  irrigation  gives  more  desirable  fruit  for  canning. 

.Io«eph  Wallai-e,  !^n  Jacinto,  Uivendde  Counly:  Fruit  moderately  irrigated  is  mncli 
better  for  canning  [•urpoi»es. 

H.  CiilberL-«in,  Kl  Cajon,  San  Diegf)  C'Ounty:  Well  irrigatetl  fruit  is  practically  the 
only  fruit  that  lannern  will  buy  in  this  section. 

'J'lii.s  dirliiratioii  of  tin-  siiitabilily  uf  irriirsitcd  fntit  for  fuiiiiini.'  is 
of  fjivat  coiutiicfcia!  >igiiiliciiiici'.  and  it  .-.liuiiiii  Ive  eoiisidfi'i'd  in  mti- 
iiection  with  lliv  pri'setit  (Uitpiit  of  the  raiitiiujc  iiiiUisti'v  in  Califiii'iiiii. 
u.<  rompiled  liy  tlie  California  Fruit  Grower  and  imldishcd  in  it."  is.^ito 
of  April  !l,  iyu4: 

(Miforti  in  fruit  imrf  rtijeiahU  fxick  by  mrieliet. 
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V»rlot>-. 


Apples > 

Aprlrotsi 

Hiiii-'klxTriM 

t'liiTfk'-.  Hovnl  .Ann 

ClnTrle*,  lilai.'k 

rliiTrti-s,  wlifl* 

C'lirnini^ 

Kl|!» 

(Ji.K(Mi>l>i>rrleH.. 

ClniiH's 

l.ii)ii>iiU>rne» 

NwUirtnes ,.., 

Heiirw 

IVNtrbes 

PettctiM,  cling 

t'liiins 

8ninc<-» 
nsfitivrrli-a 


CoM&a 


iva. 


1«B. 


Variety. 


6,181 

iS6.0T] 

Ifi  fiOI 

u,n.t 

NW 

ll.OKt 

IM 

1K> 

mi.<iai 

KAS.UiW 

024,  d2« 

1M,M7 

-.■,402 

2,V7.'> 


6.0iS     Sttawberries 
S48,716 

So.  mi 

lll.'..Hit-l 

30.5<H> 
1,000 


Totnl  taWc  frull.«  .. 

I'll-  (rtiU. .!(  [•oiumI- 

I'ie  fniil,  KulltMi^ 

Jaiut  and  jvlllLii 


Ciuies.*! 

1IK«. 

190S. 

C,205 

IV  aw 

l.l)-A3» 

77,»S!> 

'jte.  atw 

45,97» 

:i,<i.M»n 

4S,.S62 
2ai,4<Jrt 

fi-.',(i-Jl 
4,su; 

423.  Nil 
Utfi.AdT 

lis 


T.itnl  trults | 

TomaiDo,  n  unci  Spnunih 

Tumntoe-*.  KHllons i 

Fe».<i ' 

A«(iuriu(u> I 

Vivau*  and  ottier  vt-Kctn- 
blw ' 

Tiitnl     rriiil<    »nd  ' 
vi;Rf-liil#Kii 


:.  iVi,  790 
760.  «10  1 
7«,242 
.W,710 
227. 12« 

SU.S80  I 


!.  7:i3.  :-*A 

122.  W)l 
70, 487 
2.'«.220 


3,4m,  058        (,u77,0i:i« 
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»•-'  daiu.ni  2t  imimd  rni« 


Upon  tlio  hasi.s  of  5  cents  per  ]3otind,  sollinjr  prioo  for  taniK-d  fniit.s, 
I  'Ik  tents  iM-r  )H>uiid  for  catimd  vegetables,  the  valuation  of  thi.-s 
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product  in  l!to3  i'^  ovcr$lo,r)OO.o(H)  unci  tlio  products  still  iiieota  {frow- 
itijr  dciimiid.  The  ciiiiniiig  <(iiiiliLy  of  irriijateil  fruits  thus  becomes  of 
the  widest  iiiiportiuue  in  tlie  development  of  those  parts  of  the  nrid 
rejjion  whiih  favor  tlic  inowth  of  fruits  and  vejjetables  desirable  to 


cannei 


SUITABILITY  OF  IRRIGATED  FRUITS  FOR  DRYING. 

Tlio  next  in((uiry  related  to  tlic  suitability  of  in-operly  iri'iifatcd 
fruits  for  ilrying.  Tltis  i>  a  <|iiality  « liieli  lia.-^  had  to  meet  a  stronjjf 
netriitive  from  the  tirst  and  many  growers  are  still  disposed  U>  deny  it. 
This  is  not  remarkable,  for  docs  it  not  seem  r<>asonftbl(>  that  fruit  whieli 
has  to  be  brought  into  preservable  form  by  the  expulsion  of  a  larjje 
lM?rcentage  of  its  moisture  by  beat  wonhl  be  made  better  for  that 
process  )iv  i|;rowin<j;  it  in  a  way  wbicli  would  naturally  reduce  tin' 
amount  of  that  moisture  f  In  fact,  so  strongly  did  this  consideration 
apix-ul  to  nniny  growers  a  few  years  ago  that  it  seemed  to  theiu  silly, 
as  the  comniou  saying  was,  "'tci  force  a  tree  to  j)uni|)  its  fruit  full  of 
water  wliich  has  to  be  driven  otl'aguiTi  in  the  preparation  of  the  prod- 
uct." Several  propositions  which  are  fundamental  in  suceessful  fruit 
drying  were  not  then  recognized  at  their  fidl  value.  Tliey  are  better 
luiderstood  now  because  the  chemists  have  nnide  many  comparative 
analyse^i  of  dried  fruit,  because  the  dealers  have  learned  what  con- 
sumers will  pay  most  for.  ami  because  growers  have  secureil  many 
liints  of  practical  value  from  their  own  experience.  The  breaiilh  of 
this  ex|X'rienee  can  be  readily  understood  when  it  is  remembered  that 
in  California  alone  the  animal  [)rodin't  of  dried  frtuts  of  all  kinds  is 
nearly  IUo.uihj.oou  pouinls,  and  not  les-  than  half  of  this  amount  is 
made  from  fruit  grown  with  irrigation,  and  this  half  has  a  vastly 
higher  market  \  a!uc  ihan  the  other  half.  .V  few  of  these  proposition.s 
whi<'h  have  been  shown  to  be  fuuilatuental  in  successful  fruit  drying 
may  be  briefly  stated,  as  follo\v.s: 

(1)  The  best  dried  fruit  is  secured  from  I  lie  fruit  which  is  l>est 
Ix'fore  drying. 

(2)  Good  size  is  as  protitable  in  dried  fruit  as  in  fresh  or  caimed 
fruits. 

(3)  Fruit  which  is  deticient  in  llavor  and  richness  does  not  imjirove 
in  drying  and  acrid  flavors  which  are  apt  to  be  de\eloped  in  fruit 
which  is  Hot  able  to  mature  properly  are  intensified  in  tlrying. 

(4)  Th<aigh  the  be>t  drying  fruit.-  are  th<)se  wliicb  nalurally  yjos-se.ss 
a  certain  tirmness  of  texture  and  density  of  juice,  it  is  not  possible  to 
imitate  these  laitural  condition--  n(U'  to  advance  them  by  denying  the 
tree  the  amount  of  water  whicii  is  necessaiy  to  the  vigor  of  the  tree 
and  the  full  development  of  the  fruit.  For  instance,  the  Muir  peach 
has  naturally  rather  dry  lle-h  and  the  popular  cling  jieache.-  are  of 
verv  tirm  tlesh,  but  these  natural  endowments,  of  tlie  varieties  caa  ivv»t 
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tii'S  tlifiii.-.L'lves  In'  denying  tln'  troi's  ihi>  wiitor  iiCfcssniT  to  pi-Dfluce 
.satisfactory  sizo  of  fruit,  for  it  is  clearly  shown  l>y  nil  lines  of  investi- 
iriitioji  (liat  a(le(]iiatc  size,  in  oiu-li  variety  ju'cordiirir  (u  its  own  natural 
staridard,  helps  in  tlie  develupnient  of  other  (jimlities  of  the  variety 
in  their  fullness. 

(;■>)  While  all  these  thin<,rs  are  true  it  is  also  tnii>  that  water  in  excess 
of  the  amount  reijuired  hy  the  tree  to  atUiin  its  liighest  tiuality  nf 
product  is  apt  to  force  the  tree  heyond  its  Iwst  work  and  i(  matters 
not  whether  the  water  reaches  the  roots  hy  irriyiition  or  liy  natural 
nioveuients  of  water  throiijjli  the  soil.  Of  course  in  a  seiuiarid  country 
then'  is  fjreatcr  danj^er  atid  {,'reafer  actual  occurrence  of  excess  hy 
iriiiriUion  than  hy  natunil  movements  and conset|uently  hlanio  attached 
to  it  in  the  popidjir  mind. 

These  considerations  hold  in  the  growth  of  fruit  for  all  purpose-, 
hut  they  are  advaucetl  in  this  place  hecause  in  the  j^rowtli  of  fruit  for 
dryinjr  the  sharpest  i.s.sue^  have  arisen,  tiie  greatest  inconsistencies 
have  lieen  alleged  aj^in.st  irrigation,  and  this  is  the  place  for  the  vin- 
dicatiitn  of  the  pnictice  of  in'i».'ation  aj.'-ainst  wrouj,'  conceptions  of  it- 
eli'ects.  Tliis  is  the  last  ditch  of  the  uonii'rij,fators,  and  a  deep  stream 
of  water  is  now  flowing  through  it,  as  the  following  reports  clearly 
demon.strate: 


I^.  A.  I'cirU'r.  Porters:  I  liave  fouml  tlmt  irrivtuteil  prunes  make  the  Ix-tter  cured 
priMliu't,  a«  they  liuve  more  mig»r  in  the  juice  unil  ilrv  plniii)H'r.  I  ean  jiav  more  for 
Iht'iii. 

A    Mcl'liLTrtiii,  Koise:  I  tiave  liml  guml  resnlls'  in  lirvini;  irri^atud  fruit*. 

W.  ti.  Wliitney,  Payette:  I  liave  liiid  Hpli'mliil  Miccess  in  ilryinn  irri^iuteil  fruitj-. 

WAKlUMiTOX. 

F.  E.  Thotnjwoii,  North  Yakitna:  1  Iihvc  unly  ilricii  irricaleil  prinic!'.     (Hie  linn- 
ilred  l^onn■l^<  Freiidi  yirlil  41  iiiinnil.-;  ihieil;   KKI  puninis  lliiliiin  yield  ','>2  pipundf  ilried 
J.  U.  Ja'iies,  Wiiitslmri.':  I  liavf  lisul  >;<iihI  re.«nlts  in  dryiijj:  irrigateil  fruits. 


I 

I 

I 
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Seufert  Brothers,  Tl»e  DalleH:  Wu  kiu^w  that  driers  pay  llie  largest  prices  for  the 
laivfi'l  fruit.  In  »  dry  country  the  fruit  gets  sun  enougli  lo  offset  any  greater  amount 
of  water  HUpplied  liy  irrigation. 

CALtFORNIA. 

Owen  Daily,  Whitntore,  Slia.-'ta  t'ouiity:  I  consider  irrigateil  fruit  liest  for  nil 
purposes. 

(leorge  A.  Lamiman.  Anderson,  Shtt.ata  County:  As  irrigated  fruil  i.«  larger  and 
iKstter  flavore<1,  it  eoniniands  a  higher  prit-e  after  drying. 

O.  K.  (iravt*,  Kiillilutf,  Tehama  t'ouiily:  Irrigateil  ]inmes  are  ns  easily  dried  M 
tlioyie  not  irrigated. 

Fred  Seliarr.  HetlMutf:  Irrigated  frnit  will  shrink  mere  in  drying. 

.1.  I..  Ilurlmni,  Manton,  Teliaina  County:  We  hnve  had  firBt-clas)i  results  in  ilrying 
irrigated  fruits. 
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Mr?.  Erania  E.  Ya^jer,  MbdUhi:  AceoriliiiK  to  loy  experience  irrigated  (niifts  ilry 
well. 

SV.  K.  lliii:i-[i,  Majitnn:  Irripaltsi  fruil  iimkes  better  drieil  fruit  than  mmirritnited; 
it  has  a  IjeiiiT  tlavur. 

Hforjje  H.  Klnurnoy,  C-ornin^c,  TehaiiiH  Connty:  If  properly  irri)fate<l,  frnitii  of  all 
kiiiils  make  a  better  ilriefl  jiroiliirl  tlijiii  nonirri>{ate(l  fniits. 

ti.  M.  liray,  Cliicu,  Hiitti-  Cnunty:  It  takes  a  iVw  more  pcmmls  of  irrignte'l  fruit 
to  make  a  certain  weiyiil  of  drieil  fruit,  a«  a  rule. 

lUn  Hiiiiil"  Orclianl  (V>iii|mny,  HiuiL'.".  Butte  County:  Our  experience  in  ilrying 
irri(rate<l  fruil  lia;^  l)eeii  satisfactory. 

L.  F.  MouUon,  Colusa;  Ueiu-cjuablv  irrigated  fruits  dry  well  and  ^*ll  for  the  hijth- 
nst  price-  to  driern. 

Ci.  \V.  Thi.-isell,  Winters,  Yolo  County:  It  requirea  more  [Mjund.s  of  irrigated  fruil 
to  make  u  jHiund  of  dried  fruit  than  it  doe«  of  nonirri^ated  fruit,  but  the  heavier 
yield  and  the  larjier  size  under  irrijnition,  also  the  advantage  in  handling,  ilrying, 
anil  celling  large  fruits  inure  than  coniiH'nwite  for  tlie  greater  shrinkaRe  in  ilryinjt. 
The  tnoney  is  in  the  irrigated  orcliard. 

F.  S.  McKevitt,  Vacaville,  Solano  (Vamty;  If  properly  irrigateil  the  fruit  will  ilry 
as  welt,  and  the  yield  from  the  same  weight  of  fresh  fruit  will  be  a.^^  large  iit<  with 
the  unirrigated. 

Foster  Brothers,  Dixon,  Solano  County:  The  drying  of  irrigate*!  fruits  of  all  kinds 
is  satisfactory. 

John  Reck,  Niles,  .\lameda  Ctmnfy :  Fruit  grown  with  winter  or  early  spring  irri- 
(rntion  will  dry  as  well  a."  unirrigated  and  is  more  proHtable,  as  it  is  of  better  si/.e. 
It  will  have  nmrv  sugitr  than  Irtiit  grown  mi  dry  lanil. 

Ivlward  M.  Khrhorii,  Moiitiliiin\  tew,  Santa  Clani  County:  There  is  a  little  more 
UiSM  in  drying  irrigated  fruit.  Imt  I  believe  tlii.--  is  offset  by  the  larger  size  of  the  fruit 
seeun-d  by  irrigation. 

S.  P.  .Sanders,  Cupertino,  Santa  Clara  County:  Fruits  irrigateil  late  in  the  spring 
and  in  early  summer  slirirtk  more  and  are  off  in  flavor.  Oriers  buying  frtiit  green 
seek  and  jjay  more  for  nonirrigated,  but  growers  hardly  understand  the  reason  for 
the  disrrindnation. 

J.  H.  Flickinger  Company,  San  Jose,  Santa  Clara  Connty:  In  drying,  the  shrink- 
age is  greater  with  irrigateii  (niit. 

F.  M.  Righler,  Camplndl,  Santa  Clara  County;  If  fruit  is  heavily  irrigated  lute  in 
the  sf^ison  it  will  show  greater  shrinkage  in  weight  in  drying,  but  it  will  not  other- 
wise Im- inferior.  The  counnercial  driers  iuuk  upon  it  in  this  light  and  pn-fer  irri- 
gates! fniit,  iRvause  the  procluct  is  larger  ati<l  hem*  of  t>etter  grade. 

W.  S.  Shelly,  llollister,  San  Benito  Countj':  Winter  irrigation  causes  no  greater 
shrinkagi*. 

J.  V.  Weljster,  Creston,  San  Luis  Obispo  County:  As  irrigated  (niit  is  larger,  and 
ns  the  larger  dried  fruits  have  the  higher  commercial  value,  irrigation  is  often  an 
im)Hirtant  agency  towurd  |tri»litability.  hut  my  oliservation  is  that  the  nonirrigated 
fruit  excels  in  evervtiiing  hiU  si/.e. 

Charles  \\ .  Ijindis,  Folsnm  City,  Sacramento  County:  The  Ijetter  the  green  fruit 
the  U'tler  the  dried  fruit. 

W.  T.  Kirkmaii,  .Merced;  .Mnir  i«'aiiirs  well  irrigate*!  will  ilry  about  one  from  Ave 
and  make  fir-itn-lasa  dried  fruit,  selling  for  the  highest  quoted  prices.  We  have  had 
very  satisfat-lory  success  in  drying  irrigated  fniits. 

tieorge  C.  Roeding,  Fresno:  Irrigated  fniits  dry  as  well  as  nonirrigated  and  are 
mtich  brighter  in  apin'arance. 

l)r.  W.  N.  Slienuan.  Fresno:  We  dry  alxiul  I.'Ml  tons  annually  of  raisins,  and  have 
done  so  for  aUiut  ten  years.  We  dry  alnrnt  2'>  tmis  of  peaehes.  All  these  are  grown 
by  irrigation. 
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John  C.  Noui-se,  Knsuo;  Tlic  jierci'iitaBe  of  b^hriiika^sf!  cjr  Iosj-  <>(  weiiilit  in  dryil^ 
fruit,  fithiT  irri>r<«toil  or  nonirrij^ak-tl,  is  iilxuit  ilif  «iiiic,  exc-i-pt  wlu-re  tin-  wutiT  ha;* 
fn*n  applied  iiiuneilirttely  prt'oilini;  tlii^  ripi-niii;.'  of  llie  fruit,  whrii  Ihu  sliriiikn>;e  ill 
tliH  irrijrat»-<l  fniil  in  grtaiter.  <  tiir  driwl  fruit  from  irrii;iit<-d  flprii-ots,  pt'iirM,  peai-lies, 
iiecliirinf!',  ami  raiflin  grajies  compare  favorably  with  tin-  ><jiiiif  fruits  in  any  oilit-r 
part  of  I  lie  Suite. 

J.  S.  McCoriuiek,  Fresno:  We  dry  irrigateil  fruit  every  year,  and  it  cniuniandg  as 
gf)od  prices  as  nonirri^jnUil  fruit  in  other  jwirts  of  the  Stute. 

Charles  Downiiij;,  Anmma,  Kings  t'ounty:  Orcliartis  in  this  di>trict  are  ehiefiy 
grfiwn  liy  s<H'|Hn;e  irri^ntiou  from  main  dilrhes.  Almost  uli  tlie  ["■aches and  apricots 
are  dried,  yieldin<;  usually  a  little  more  than  a  ton  of  drieil  fruit  to  the  acre.  Raisins 
also  iio  aliout  a  ton  to  the  acre  for  the  lirst  <'rop,  wroiid-crop  frnijies  poiii^  mostly  to 
the  wineries.  A  piece  of  'M  acres,  or  allowina  for  avenues,  etc.,  about  17  acres  actu- 
ally, of  Mu.si-^it  vines,  planted  ID  hy  10  feet,  prothiccd,  in  1901,  9(i.4  tons  of  frrapes  oi 
2-  jier  cent  .su>n»r  test.  In  Iv/O'J  this  same  piece  jBive  lti!S.4  tons  of  aUxil  the  same 
Sll>;ar  test.  The  viuea  were  13  years  old  in  UHH.  One  ed|?e  of  this  vineyarrl  is  one- 
ei(jhlh  of  a  mile  from  the  nearest  ditch. 

Thomas  Jacob,  Visalia,  Tulare  County:  Nonirrigate<l  tniit  dries  heavier  and  retain.s 
its  color  lietU'r  after  bleaching  than  fruit  grown  <in  wet  land  or  with  nuich  irrigHtion. 

J.  y[.  Harris,  Miami,  Mariposu  * 'ouuty:  I  have  always  dried  irrigated  fruits  with 
the  liest  success. 

C  \.  Walter,  ludeiieniieurc,  Inyo  t'lvmity:  Irrigated  fruit,  being  large  and  rich  in 
flavor,  is  the  liesi  fruit  (or  rirying. 

Rol>ert  IJunn,  Killiinire,  Ventura  Cnuuty:  I  prefer  irrigatni  Iruit  for  drying,  as  it  is 
as  a  rule  larger. 

Henry  D.  Kngelluirdt,  t^ilendora,  I-os  Angeles  County:  iJeciduous  fruit  grown  with 
almul  two  light  irrigations  during  the  dry  .«easi>n  in  southern  Califorxiia  will  produce 
the  best  result."  in  drying  i|nalities. 

J.  B.  N'eff,  .VTiaheim,  Orange  County:  Driers  prefer  irrigated  fruit,  if  jiot  irrigated 
within  a  month  of  n|H'ning. 

A.  .S.  Bradford,  I'lacetitia,  Orange  County:  The  fruit  ilriers  make  no  distim-tion 
between  irrigated  and  nonirrigated  fruits,  am!  the  largest  fruit  commands  the  Vjcst 
price. 

A.  D.  Bishop,  Orange,  Orange  County:  .My  exiterieniv  in  ilrying  irrigaleil  fruits 
has  been  eutirtdy  salisfacUiry. 

H.  D.  Briggs,  Azusa,  Los  Angeles  County:  1  have  dried  fruit  every  year  since  1890. 
more  or  less,  and  always  with  fair  re-sultn.  I  always  jirefer  irrigated  fruit,  if  water  has 
not  been  n.»e<l  w  ithiti  three  weeks  of  ripening. 

L.  L,  Bei|iiette,  Whittier,  Los  Angeleti  County:  frrigatiil  fruits  do  not  4lry  so  well, 

W.  S.  Coruin,  Uighfaiid,  San  Rerminlino  County:   Irrigateil  fruit  dries  well. 

Joseph  Wallace,  San  Jacinto,  Rivcrsi<ie  Comity:  Nonirrigated  fruit  is  much  lietter 
for  drying,  provided,  of  cours**,  that  it  will  attain  projier  size  without  irrigiitioti. 

Hemet  I^nd  Corn[iaiiy,  Heniet,  Riversiilc  C<iunty:  We  have  dried  irrigate<l  aprii-ot.s 
aud  peaches  for  five  years  and  alwavs  get  paying  prices  for  them. 

E<Uvard  L.  Ktiethen,  Riverside:  Irrigated  aprit^oLs  make  an  excellent  liried  product. 

J,  II.  Reeil,  Riverside:  I  kept  i-arcfnl  account  during  two  or  three  years  of  our 
dritil  irrigatetl  fruits  as  ciyinparcd  with  1  tie  same  kinds  of  fruit  unirrigntcd  wliich  we 
dried  for  neighlKirs  iimier  precisely  the  same  conditions.  1  was  surprised  at  tf»e 
iiurea>c-d  pnxluct  of  cured  fruit  from  the  irrigated  lots.  .Vs  to  ijuality,  the  increajied 
price  received  for  the  fruit  settleii  that. 

H.  CullH-rtson,  El  Cajon,  San  Diego  County:  Our  experience  is  that  irrigate<l  fniit 
is  the  only  fruit  that  will  fiay  ex[>enses.  By  actual  test  I  have  found  the  actual  cost 
of  preparing  |«>aches  for  drying  to  be  two  or  three  times  more  for  small  fruit  than 
for  large  fruit  wtdl  develoiK'd  under  irrigation.  Of  course,  thinning  (or  sf>acing  the 
fruits  on  the  twigs)  is  one  of  the  most  iiiiiKirtunt  factors. 
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Very  clear  i/oncliisions  can  be  .seciirod  from  a  careful  stiuly  of  the 
fin-cjfoiiijjdi'clanitiiitis  of  cxpcrifiico.  It  is  (Icsirablc  U>  cousidiT  thi-iii 
as  a  wholo  and  not  a.s  isolated  stntenient.s.  Fur  instanre.  Mi'.  Thissell's 
and  Mr.  Ehrhoni's  statotni'iits  coniplote  flu-  .s|ii>svin>r  of  the  ffreater 
>hrinka<,'('  in  dryinjr.  as  -liouii  t>y  Mr.  Crray.  tin'  l-'lit-kingcr  (.'oiiipaiiy, 
and  others,  and  Mr,  Jucolts  shows  that  shrinkajje  is  experieiieed  in 
fruit  grown  on  land  riatnrnlly  wet  lis  well  as  on  that  ex<ossi\ely  irri- 
|rutt'd,  while  Mr.  Wallaee  shows  when  iionirriifiittnl  frnil  is  superior 
ami  explains  the  preference  which  Mi.  Hei|iictte  has  expressed  in  all 
the  answers  wliidi  he  has  made.  ]U'  has  land  naturally  moist  enouo-li 
for  ihe  fidlest  reijiiirenu-ntsof  ihe  trues  and  has  im  need  of  irriiration. 
Readinp  dissent  then  in  the  light  af  sncfi  iiitert>relalioii  there  remains 
a  clear  and  omjihatic  uHirniution  from  the  expei-ience  of  many  that 
irrigation  !•<  widely  the  surety  of  sati.-^fartory  size  ami  <|ua!ily  and  of 
protit  in  the  growth  of  fruit  for  jin-servalion  liy  maporation. 


IRRIGATED  FRUITS  AT  POMOLOOICAL  FAIRS. 

The  poinolngical  fairs  within  the  irrigated  regions  and  the  great 
expositiou.s  at  home  and  aliroad  during  the  last  ipiarter  of  a  centur}' 
have  afforded  an  opportunity  for  contrasting  displays  of  irrigated  and 
nonirrigateti  fruits.  Irrigated  fruit  is  eoneeiled  to  he  rich  in  show 
feature-s.  Its  size  and  be^uity  have  always  connnanded  admiration, 
and  its  superior  attractiveiu-ss  has  tieen  sufiicietitly  demonstmled  hy 
the  fai'l  that  in  earlier  expositions  in  i'alifoniia.  ami  po>silily  else- 
where al.so,  it  was  often  set  apart  in  a  class  l)y  it.self,  so  that  tin'  com- 
jietition  of  nonirrigated  fruit  with  it  £or  the  same  awards  might  he 
avoidfHl.  A  (piestion  was.  however,  addressed  to  growers  as  to  iheir 
experience  with  irrigated  and  nonirrigsited  fruits  at  the  fail's,  in  thi-i 
hope  that  some  in.structive  coiiti'asts  might  ht^  brought  to  light.  The 
answers  received  do  not,  however,  attain  such  ends,  although  they  do 
con.stitnte  an  interesting  record  of  experience,  and  in  some  oases  shed 
a  vmi<iue  light  on  the  dui'aliility  of  irrigated  fruits  in  long  shipment 
and  during  the  ti'viug  ex|)osure  on  the  show  plates.  There  has  per- 
haps l>een  no  clearer  dt-monstration  of  these  fact.s  than  the  awarrl  at 
the  Paris  Kxpositinn  <if  liMii)  to  the  apples  grown  with  irrigation  in 
Iilaho.  The  >amc  ludiavior  of  ii-rigiiti'd  fruit>  has  been  manifested  at 
all  American  expositions  ^iuce  the  Centemiial.  at  Philadelphia,  in  lf<7t), 
which  was  ttie  first  great  oppeu'Iuuity  for  the  irrigatecl  fruits  from 
Califorida.  The  followijigdeclaralion,^  of  iiHtividiiul  experience  along 
these  lines  are  of  interest: 

inAiio. 

L.  A.  Porter,  Purlers:  My  irrigated  fruit  was  givea  «\viirds  at  the  Columbian  Kx|x)- 
sition,  at  the  Pnn-Ainerican,  and  at  the  S|X)kHue  Fruit  fairs  fur  many  yean". 

.\.  McPherson,  IJoise:  My  irrigateil  fruits  liavc  taken  prizes  at  ttje  Chi(.«g<>,  New 
(.)rl«ans,  and  Oiimlm  exiHisition.". 
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WASniNllTliX. 

K.  H.  Lit»l)y,  Clurk.«oii:  lrri|flitnl  (mils  of  lliin  valley  liaw  won  prizes  lit  the 
ColiiniliiHil  Ex[Hisition,  at  Omaha,  at  S|M;ikane  Fruit  Fair  year  after  year,  anil  sweejv 
slakes  rejfiilarly  at  the  lx?\viston  State  Fair. 

F.  K.  Thoinpsiin,  Xnrth  Yakima:  Our  irri|;ute<l  fruit  has  taken  awards  at  Wash- 
ington State  Fair  ami  al  Sjmkum-  Fruil  I'^air. 


S.  A.  MilliT,  Miltiin:  I  wac  tiiven  awanls  at  tin-  SjMikjiin-  Fniit  lairs  in  1K1»?>  ami 
lS!)t>  for  till-  lart.'est  apiile  on  exhihitioii. 

Seufert  Urolliers,  The  lialli-s:  \Vr  look  prizes  for  onr  irricatnl  rherriex  ami  linn- 
Marian  prunes  in  the  Oregon  exhibit  al  ttie  Columhian  F.X|>(icitioti. 

J.  R.  Ca*ey,  Ashlanil:  1  have  taken  ]>rizes  witli  irri^nileil  fruit  nt  lln-  soutlierti 
Orejjon  district  fairs. 

(•AI.IFOHSIA. 

\V.  11.  Ila/en,  Maiitoii,  Teliaiua  County  I  My  irrigateii  fruit  has  won  jirizeaatthe 
Ke<l)ihiff  clistricl  fairs. 

J.  I-.  Barham,  Manton:  ( Uir  irripitcil  apples  have  taken  prizes  at  the  State  fairs 
whenever  exhihitf<l. 

(ieor)je  M.  Flournoy,  Corinii>»,  Teliaiiia  County:  1  have  always  receiveii  a  majority 
of  the  premimii.s  at  county  fairs  in  my  cmuity  ainl  receivcil  jfolil  meilals  at  the  Miii- 
winter  Fair  in  San  Francisco. 

I,.  F.  Monllon,  Colu.>^a:  My  irriifnteil  pinnies  wnu  the  hit;hesl  awar<ls  at  the  Miil- 
winter  Fair  of  1894. 

.lohn  Ihx'k,  Nilea,  .Mameda  County:  .My  irriuateil  fruit  took  a  jrohl  uieilal  at  the 
California  State  Fair  in  IKHH,  also  a  W'iliier  niedal  for  olive*  at  the  nieetinir  of  tlie 
.\merican  I'omolo^iiiil  Society  in  isys. 

A.  Block,  Santa  Clara:  The  Aruericati  I'omolociuil  .Society  at  its  Ci-^lar  Ka[)iils 
meetinp  (jrave  me  a  Wililer  meihil  hir  irrijnited  [K-ars. 

T.  J.  Wanouer,  Hmi^h  ami  Heaily.  Nfvada  County:  I'huvr  and  Nevada  counlies 
liave  taken  leadim;  pri7.es  al  IcHilinn  fairs  and  the  frtiil  was  all  from  irriiralion. 

P.  \V.  Butler,  I'eriryn,  I'lacer  County:  Ten  to  (ifteeii  years  ajin  I  exliihited  irri- 
gateii fruit  yearly  nt  the  State  fairs  in  SHcramcnIo,  and  on  peacheH  have  always  taken 
prices — .sometimes  more  than  any  other  exhilnlor  in  the  State. 

VV.  X.  •Sherman,  Fresno:  We  ret-eived  a  nold  ineilal  for  irri)»ate<l  fruits  al  the  Paris 
ExiMisition;  two  ijold  meilals  and  eiiilileen  hhie  rilihons  at  the  California  State  Fair 
of  I9(rj  for  irrigated  fruits  ami  other  local  awards. 

Cieorjre  C.  Hoedina,  Fresno:  (»nr  irrivTiteil  fruits  won  prizes  at  t)ie  Slate  Fair  in 
1H02  and  nt  county  fairs  for  a  number  of  years. 

C.  A.  U'alter,  Iude]ieiidi-nce,  Inyo  County:  I  have  taken  prizesi  with  irrijjateti 
fruits  at  the  Iiiyo  County  fairs  a  luimlx'r  of  limes. 

A.  D.  Bishop,  Orange:  I  was  awarded  a  me<lal  at  tlie  Columbian  Kxpiisition  ni 
181)3  for  irrigated  fruits  and  liave  taken  nuuiemas  [ireniiiHns  at  "our  county  fairs. 

C.  P.  Taft,  Oranjje:  My  irrigate<l  hx)iiats  took  a  diploma  at  the  Pan-.\meriiiiii 
Kx(Misilirtn.     I  have  won  many  prizes  uilh  irrijfaled  fruits  at  Ihi-  fairs  in  California. 

1>.  Fdson  Smith,  Santa  .\na,  Orange  County :  .My  irrigated  deciduous  (mils,  liolh 
fresh  anil  cirieil,  have  taken  11  rsl  prizes  at  several  lairs  ol  I  lie  Southern  California 
Pomolojiical  Siiciety  m  l.os  .\nnelcs. 

.himes  lioyd,  Kiverside;  1  have  had  llie  be.st  succcs.*  and  have  taken  [iremiums  at 
the  Los  Anpeli-s  ami  ntlier  (airs,  lioth  lor  Iresli  and  dried  fruits,  in  comiietition  with 
unirrigaled  fruit  from  otlier  southern  counties. 

H.  Cultiertstm,  ICl  Cajon,  San  lliego  County:  I  have  taken  prizes  for  irrigateii 
fniits  at  our  eoiinty  fairs  aD<l  at  the  Culuiubtan  Kxpusition. 
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A.  .1.  >K-riatoliie,  Plifienix:  Our  irripiU-d  (ruils  wnn  prizi*  at  Ihi-  PHn-AiiR-rican 
Kxpositioii. 

I  "WJURIES  ALLEGED  AGAINST   IRRIGATION. 

Thf  last  i(ii|uirv  siilnnittvd  tu  fcjiTcsponclfnts  Wiis  iiitciificd  ti>  tillnrc! 
opportunity  fur  iillt'<;iiiij  nil  oUjiH-tions  to  the  us<?  of  wiiti'V  in  frnit 
l^ruwiiifr,  so  that  full  iiii'ii-sure  could  be  taken  of  this  j)hiisc  of  the  col- 
lective mind  of  frnit  t^rrowers.  Naturiilly.  thoujrh  uinny  ronvspundHnts 
expressed  theiiisclvcs  in  answer  to  the  )|Ucstion:  "Do  you  know  of 
fruits  or  frnit  trees  or  vines  lieifii,'  iiijuied  in  any  way  hy  iniji^ation. 
and  if  so.  in  wlint  respect  <"  there  were  luit  few  distinctive  olijections 
and  iJiuch  repetition  in  th<'  recital  <»f  them  hy  ilitferent  ohservers. 
For  this  reason  the  plan  of  eitint;  itidi\iduiil  dediinitions,  w  liich  has 
)>een  followed  in  the  compilation  under  the  previous  headinufs,  will  he 
aliandoiied  and.  in  tlie  interest  of  ln'e\ity.  otdy  ohjcctions  in  smne 
respect  ditferi'iit  from  others  will  he  entered  upon  the  following  rough 
clasiiitication  of  stntenieiits: 

INJl'HIE-i   DCE  T<)  THK  tiROWKR    HIMKKI.F. 

Carflt'ss  irrijtation  often  injiin*^  trt-t-s  iiml  viiii-s. 

The  tliinifs  In  know  Hre  wlien  tn  irriyiUf  nnd  how  iiiiich.  Just  enoujth  at  the  right 
time  insurer'  thf  l>p,«t  ]ioK!ihle  rBsultf,  hut  (some  growers  Beeiii  to  Ik-  imuMe  to  li-arn 
lliiF. 

Trees  nre  not  iiijurud  when  intelligence  enters  into  ttie  use  of  water. 

Fniit  Irt-es  arc  often  injured  tiy  too  nuicli  irripition— in  fact,  many  nrc  Ijilicil  liy 
it.     It  also  spoilc  till'  fruit. 

IXIIUIl-^    IiCK   TO    THE    \V.\TEI1. 

Too  much  water  remninini;  to<i  Ioml'  iinmnil  tlie  Hteuis  of  low-set  oranisre  trees 
rauees  root  rot  or  pim  ilisea.-'e. 

Some  kiiKln  of  fruit  an-  f^|>fi'ially  injured  hy  overirrifration. 

Trees  can  he  drowned  hy  ton  nuuh  water  or  may  die  from  too  little  of  it. 

Some  (fra|K-viiie!'  tiave  Ix-en  killed— n[)[>arently  hy  fiw  mui-h  water. 

liecidiioni'  fruit  trees  are  injureil  liy  loo  much  water  and  hy  allowing;  it  to  run 
around  the  ho<ly  of  the  tree. 

Too  much  water  on  or  near  the  fiirfare  will  injure  fruit  trees^  Some  orchards 
where  water  I.*  plentifnl  are  Unut;  ruined  hy  too  mui-li  of  it,  even  in  tlie  niountainn 
where  natural  dniinane  ic  usually  all  (hat  could  he  desired.  The  trees  are  sickly 
and  the  fiuit  o(  little  value. 

If  tf>u  much  Hiitcr  i."  used  the  fruit  wilt  drop  and  the  trees  show  a  sickly  apiK'ar- 
anee  in  the  mi<l<lle  of  the  Sjirinp.      MiHterale  irrintatiim  will  not  do  this. 

Drcharils  and  vineyards  are  kille<l  hy  overirrigation,  tteeause  of  tlie  raising  of  tlie 
water  level  t(H>  near  the  surface. 

In  low  jilaces,  especially  where  the  ground  water  is  Iimj  near  the  surface,  irrigation 
has  had  bad  effects.  Fruit.''  have  not  such  good  tliivor,  grapt>s  are  late,  and  some- 
times trees  art'  killed. 

Orcliards  have  heen  kiihil  oulrijjht  hy  constant  irrigation  hy  Cliinamen  growing 
vegetatjies  amoiig  the  trees. 

One  prune  onliard  ol  150  acres,  in  Santa  ( 'lara  County,  Cal.,  has  heen  ahandoned 
and  the  trees  dug  out.     For  ten  years  they  have  U-en  irrigatetl  aljundantly.  at  great 
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c'x[:iunse,  lunl  yiippliiMl  with  fertilizers  also.  Adjuiuing  ijri-lianli-  not  irri)^!!?!!  are 
ftill  llirifty  utid  Ix'ariiic  tolrnihly  wi-ll.  It  liat*  liefii  ckiintHl  timt  the  water  waiiherl 
(he  fertiliziiii:  .•■iilislani'e  out  i.t  the  noil. 

Suiiiiiier  irri>rali(>n  iinimotes  a  mot  Rystera  near  the  surface  and  proper  develop- 
ment nf  fniit  nil  trees"  with  xuli  a  .system  of  feeders  veipiires  irrigation.  In  other 
words,  an  on-hard  once  irri){iiteii  will  siuffer  more  from  drouijht  tlian  one  never 
irri(»t«<l. 

IS.MRIES   riHE  TO    L.\rK    Of    nHAIN.tOE. 

Where  water  i«  allowed  to  Mtand  i>r  there  is  insufficient  drainage  tlie  leaves  turn 
yellow,  and  if  the  trees  are  not  looked  to  they  are  apt  to  die. 

Too  much  water  with  pior  ■Irainupe  will  sour  thi-  «oil  and  cause  irum  disease  and 
yellow  leaf. 

Trees  can  !«■  injnrcii,  esi>ecially  on  roots  which  dn  not  like  too  much  water  uml  ^m 
soils  where  the  siihdniiimiic  is  defective. 

Thousands  <if  acrt-s  of  trees  ami  vines  are  seriously  injured  hy  seeiiagu  of  water 
from  ditches  and  the  raising  of  water  levels.  r>rainag»-  of  land  tn  remove  surplus 
water  is  one  fif  the  greatest  needs  in  some  localities. 

There  are  35-year-old  apple  trees  at  Ihe  Hicks  ranch  in  .San  Beriianlino  County, 
Cal.,  that  have  a  ditch  of  water  nmning  eonstantly  within  5  feet  of  the  trunks  and 
yet  are  very  thrifty  and  bear  nearly  every  year  apples  of  highest  ijuality.  They  will 
not  grow,  however,  in  a  «wam]i,  hut  must  have  s<ime  ilraitiage. 

Fruit  trees  are  injured  hy  suliirrigatioii  withiiut  drainage  for  surplus  water.  Stand- 
ing water  is  dc-itriKtive  to  the  nmts. 

There  may  he  injuries  hy  irrigation  in  tin-  msenf  using  excessive  nmotintstif  water 
a  few  days  hi'fore  picking.  Walnuts  arc  never  injureil  hy  irrigation  on  land  that  has 
g(ii«l  uiiderdrainage.  The  land  might  he  leachcfl  out,  perhafis,  hut  there  is  no  direct 
injury  to  the  tree. 

INMl-RlEa   DITE  TO    l..\CK    OF   CI'LTIVATION. 

Trees  are  injured  by  too  much  irrigation  and  not  sufficient  cultivation. 

Too  much  water  continuously  will  check  growth,  turn  foliage  yellow,  and  stunt 
the  tree.  The  land  slmulci  he  cullivateil  between  irrigaliojis  until  there  is  hut  little 
moisture  at  the  surface,  but  not  all<iW)*<l  to  becimic  dry  enough  to  cm!  the  leaves. 
This  will  make  healthier  trees  and  a  better  iiuality  nf  fruit  than  nverirrigateil  land, 
but  the  irrigatiini  should  be  thorough  and  deep. 

Ti>i>  much  or  too  {rei|Uent  llooding  around  the  tree  with  too  little  cultivation 
iK'tween  irrigations  may  do  injury.  Too  many  people  who  have  plenty  of  water  use 
it  too  fre>iuenlly,  thinkiug  to  esi-ape  the  trr>nhle  of  cultivation. 

Sometimes  fruit  trees  are  irrigateii  continuously  and  never  cultivated  so  as  to  open 
the  soil  to  sunshiiu-  and  air.     Such  tree.»  are  not  si>  stocky  and  strong. 

Irrigalion  without  cidlivation — and  tliat  in  the  most  thnriMigh  manner — is  produc- 
tive iif  injurious  results,  and  where  irrigntioii  has  not  given  sati.-*factory  results  it  will 
t»e  found  that  it  was  not  followeil  by  the  proper  cultivation. 

INJURIES   OLE  TO   TKMPEIi  VTIKE    lURINi;    IKRIG.\TIO.S-. 

Where  hanlpan  is  near  the  surface,  care  must  lie  taken  or  the  tree  or  vine  is  very 
likely  to  lie  injurecl  if  much  water  is  applied  in  wanii  weather. 

Carelesstie.-^  in  HoCMling  trees  iii  hot  weather  may  injure  them,  but  when  jmlgment 
is  u."e<l  in  irrigating,  trees  are  not  injured  by  water. 

Both  trees  and  vines  may  Ije  "scalded"  by  allowing  water  to  stand  loo  long  in  hot 
weather. 

Orchards  have  bei-n  injured  by  too  much  irrigation,  causing  the  roots  to  scald. 
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he  (luytiiui-  the  pMurnl  iiikI  the  wnliT  t:et  hot,  Hint  tn  IcI  the  water  strike  the 
tri'f  then  will  si-jihl  the  bark.      Il  takf«  very  little  uf  that  ti)  ruin  a  tree. 

Suiichine  reHeeted  fnnii  water  ninniiij;  lieluw  iViaiiist  the  trunk  <'anses  snnhurn. 

There  have  l>e<>n  a  (;(xp(l  rnuiiy  iiraii^e  Iri'CH  ruined  liy  (looilinjj  the  trees,  runnin}! 
a  furrow,  or  ilijt^jinn  to  the  rool  crown,  thereby  eookin;;  it  atnl  finally  ruining  the  tr«*. 

Kruit  tree!*  are  BoinetinieB  injiire<l  by  ret'eiving  too  much  water  iluring  liot  E[>t.'lls 
(biriiiK  the  Hiinnner. 

In  Arizona  fruit  tiven  have  Ijeen  injureil  by  scalding,  even  when  a  very  small 
amount  of  water  has  been  jiut  on  in  hot  weather. 

In  lihilio  trees  left  to  ilry  out  in  cniumer  have  ln-en  made  to  take  a  late  Krwwtli  by 
irrigation  and  have  suffereti  by  early  freezing.  It  is  also  true  that  trees  have  lieen 
8ave<),  by  having  irrigation  lale  in  the  fall,  from  a  heavy  winter  freeze  where  there  was 
lack  of  nioi.sture,  while  nnirrigateit  trees  in  the  sime  locality  were  killetl  liy  drying 
out  by  such  severe  frizzing.  Water  to  keep  trees  from  de.»lniction  by  "  freezing 
dry"  must  l)e  applied  late  and  when  the  temperature  becomes  low  enough  to  pre- 
vent new  growth. 


INJURIES  TO    PRllT   HV    IRRIOATION   T«M)    NE.\R    RIPENING. 

Flavor  and  keeping  ipiality  of  the  fruit  are  hurt  by  heavy  irrigation  just  as  the 
fruit  is  rijiening.     The  l>est  time  to  irrigate  is  early  in  the  growing  season. 

Water  at  some  ix'riods  is  said  to  retard  the  ri]ieiiing  of  fruits. 

Late  anil  exct-ssive  irrigation  is  injurious  IkiiIi  to  fruits  and  their  products. 

If  irrigation  is  oppliml  within  three  weeks  of  ripening  tlie  fniit  is  apt  to  V)e  watery 
and  liable  to  decay. 

In  Nevada  (.'ounty.  C'al..  a  large,  late,  blue  grape  (Ramonia  Transylvania),  with 
water  running  near  the  vine  all  i^ummer.  never  ri[)ene<l  aiui  h;irdly  eolore<l,  keeping 
Sour  and  grei-n,  while  on  tin-  other  vines  of  the  same  kind  (but  little  irrigation  or 
none  at  all )  the  gni|ies  ripened  nicely,  licing  of  a  dark-blue  color. 

Winter  irrigation  is  often  su|ierior  to  summer  irrigation  for  deciduous  fruits.  Many 
injure  their  orchards  ami  affect  the  fruit  dieadvantageougly  by  late  irrigation,  espe- 
cially after  the  fruit  begins  to  nmture. 

Some  j«a«'hes  and  apricots  have  overgrown  and  lost  Havor  from  too  much  water. 
Apricots  are  very  .oensitive  to  water,  anil  with  reasonable  rainfall,  and  well  cultivated 
and  thinned,  will  mature  good  fniit  widioul  irrigation,  as  they  nearly  all  ripen  in 
July.     Karly  jieaches  will  not  stand  much  water. 

Study  of  these  iilk'ijeil  injuries^  duo  to  ifriiriitioii  ck'iifly  shows  that 
thi-y  arc  attrilmtaihii'  imt  to  irrioatioii  tuit  to  the  orror.s  in  tin.'  ii.sc  of 
water.  Every  other  iioffii'iilttiriil  afjeiicy  is  not  oiil_v  .';iil)jeft  to  ini.suse. 
htit  is  actiiiilly  uii.<u>ed  witii  lesultiiij,'  injury,  iinrdship,  anti  los.s;  Imt 
as  irrif,'iition  is  a  mnver  art  to  Aiiifricans  and  its  riMjiiireinotit.s  not 
well  understood,  it  is  not  strutiffc  tlmt  injury  projwrly  attrilmtalde  to 
the  actor  is  so  frei|in'ntly  atlrilmted  to  the  InstruiiitMif.  It  heconies 
eletir.  llien.  fliat  there  is  no  Idatne  attncliiji;^  tn  irri^fiaiun  vvhicii  niioht 
not  also  attach  to  niiiifall  or  to  natural  overflow  — in  fact  irriuration. 
beintj  wholly  under  the  coiitiol  of  the  operator,  should  lie  held  the 
more  innoeent.  It  is  an  old  proverb  that  *'  no  tiian  can  farm  ao-ainst 
the  weather,"  but  it  is  certainly  a  fact  that  a  man  can  farm  against 
injuries  l>y  irrigation  as  .soon  as  he  has  the  re(|iii.sitc  intellijrence  and 
the  enerofy  to  act  upon  it.  There  is.  manifestly,  no  injury  by  irrifja- 
tjoii  w  hieh  can  not  be  avoided  liy  the  use  of  the  right  amount  of  water 
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at  thi^  riffht  tinio  mul  in  tlio,  rij:lit  way  upon  tlu'  si>il  luitiirally  rijjht 
for  it,  or  I'orri'cted  liy  tlic  iirts  ul'  lilliiifi'  iirul  tlrainajjfe,  ami  Lluvsc  tor- 
rectivp.  arts  nrc  neillier  new  n<ir  jKS'iilinr  to  irriytition  pnu-tk-o;  they 
arc  the  old  arts  which  liuvr  liciiioiistratod  tlicir  vjiluc  throutfli  n-uturies 
uf  niinfall  fanning. 

And  yi't,  siinpli*  as  thi-  matter  is  upon  last  analysis,  ijic  siejis  of 
iittainiiii^  it  an-  really  new  uii<l  strani,''!'  and  are  apt  to  fail  of  I'ecoirni- 
ti<m  and  appreciation.  In  connection  witli  his  response  to  the  ques- 
tions of  the.  present  itvpury,  Mr.  .1.  II.  Reed,  of  Riverside,  Cal.,  ^ives 
these  pertinent  observations  and  ci>ncliisions: 

TlitTf  i.J  iiiie  tiling:  we  mii(-t  keep  inure  pniininently  in  rniml;  that  is.  tli.it  ^!m■ees»- 
fnt,  pmctii'iil  inijfiitiiMi  ii^  not  sii  ettsy  a  lliiiijr  tn  It-ivrii  ainf  (iraetice  as  iiiiiny  8ii|i|Xise. 
The  lilunihTici};  nnsiircesc  uf  untraineil  IwjrinmTs  (Incs  nwyre  li>  retard  the  iimgresM  nf 
irriHatiuii  in  new  disitriels  tluniall  things  else.  1  recently  vL-iiteii  a  seniiarid  sei-tion 
ill  Nelirar'ka  where  a  few  yeari-:  hefore  a  iiuirh-nee<le<l  irripntinn  plant  anrl  plenty  of 
cheap  water  Imit  Keen  w*eure<l.  It  hud  proved  so  unsatisfaetory  as  to  diseonm^e  not 
only  those  iinmetliately  intereisted  hut  the  wliok-  reuion  as  to  the  praetii-ahility  of 
»iKve»'ful  irrigiition.  I  fonnd  tlie  eonilition  easily  explainefl  hy  the  utter  eareleis- 
ness  of  applicfttioii  and  miinageiiient  of  water,  while  with  praetieal  direetiori  it  might 
h«\'e  lieen  inaileof  vast  In-nelit  looillyand  a  ut^^fnl  ohjert  lefWLin  for  the  wliole  re;»ioii. 

I  fully  nnderstitnd  that  imitation  of  decidnouf  IrnilH  may  he  misniauafred  oi  over- 
done, as  witli  eitriis  fruits,  hiil  1  eaii  not  understand  at  this  late  ctay  huw  there  I'an 
l)e  any  question  as  U>  the  irreat  value  of  irrigation  inlellit;ently  ajiplied  lo  deeiduons 
fruits,  tx)th  as  to  <|ualily  and  ((uantity  of  pnjduct. 

The  foreiroinji  uhservations  and  coiu-lnsioiis  explain  why  it  is  neces- 
sary to  undertake  such  inipiii'ies  as  forni  tlic  liasis  of  this  report. 
Thoufjh  the  practice  of  irrijjation  will  he  continually  iuiprovcrl  l>y  the 
residts  of  .scicntitic  experiitn'niation  and  exposition,  the  extension  of 
the  [Uiietiee  and  the  reali/atiun  ot'  the  iKMietits  thereof  will  be  largely 
achieved  by  the  wide  publication  of  the.  teachinjjs  of  experience. 


I 
I 
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8ALT0N  SINK. 


! IRRIGATION  CONDITIONS  IN  IMI'IiRlALVALLIiV,  CALIFORNIA." 
,  15v  J.  K.  Hii.Mnicu-sK,  Anml  anil  Rrtterl. 

*      

Salton  Sink  is  situated  in  tin;  f'!i.-<torii  part  of  Siiii  Dicfjo  {'minty, 
Cal.,  hemint'd  in  liy  .^ciittcri'fi  spui'.s  of  nuiiintuin  mnges.  l)n  tlii» 
north  is  tlie  CliwuliUf  Raiitrc,  iiii  fXt>'iision  of  tin*  San  lieriiariiiiio 
M(.>iiiitniiis;  on  tin-  \v<'st  and  si)utliw<'st  tin-  tin-  Sun  .Faciiito-.  mid 
Cot'opiilis, intornipted  by  Signal  Moiintaiti  at  thf  north  end  of  l.^«ifnna 
Siihuhi  (Siilt  Lakr).  u  luidy  of  watLM-  wltirfi  is  ri'pli'nishcd  iiiimiully  from 
the  .south  ))y  the  C'uloratlii  ovitIIow.  In  the  norl hoist  tlie  Colorado 
is  kept  out  by  3(»  or  4<i  miles  of  sand  hills,  often  nipped  with  inestpiite 
tree.s,  which  dindnish  in  sizi>  and  uunitH'r  toward  the  international 
boundary,  almost  disappearing;  alony  the  Alatiio  clniniK-l.  'l"h»'tv  is  a 
gentle  .slope  of  from  5  to  10  feet  per  mile  to  the  nortlnve-st  from  \'ol- 
eano  lakes,  and  the  elrvution  ran^^es  fj-oin  sea  level  at  the  JM)Uivdary 
to  2S7  feet  below  sen  li'\el  in  the  tioiij^Ii  of  the  sink.  Tiie  sand  hills 
on  the  west  have  been  aptly  named  Superstition  Mountains  because 
of  their  unstable  chanietcr.  the  hills  advaneinif  by  the  sand  fallings 
over  from  the  top  iti  the  direction  the  wind  i.s  blowinu'.  Mud  volca- 
noes in  the  vicinity  of  Volcano  lakes  (from  which  the  lakes  are  named) 
and  aloai;  the  east  rim  of  Salton  Sink  well  up  c|)iaiitities  of  hot  mud, 
which  forms  smooth,  eoae-shaped  piles  about  their  craters,  or  tlow.s 
sluggishly  down  the  sloix».  At  about  sea  le\el  and  along  the  north 
aud  east  sides  of  the  valley  an  old  sea  beach  is  plainly  visible,  strewn 
with  log.s  and  jH'riwinkle.  In  the  north  sevei'al  fresh-water  springs 
eoiiie  out  in  this  l>each  foruiation,  and  flowing  wells  are  found  along 
the  line  of  the  Southern  Paeilic  Railroad. 

It  is  probable  that  Salton  Sink  wa.s  once  a  part  of  the  Gulf  of  Cali- 
fornia, into  the  north  end  of  which  Colorado  River  emptied  its  mil- 
lion.s  of  tons  of  silt  and  sus[>ended  organic  matter,  both  vegetable  and 
animal.  The  eotdinued  process  gradually  elevated  the  river  Jiiouth, 
forming  a  delta,  which  finally  built  it.self  across  the  gulf  to  (he 
C'ocopah  Mountains,  making  a  large  inland  sea.  The  flow  into  this 
sea  grew  less  as  the  silt   barrier  inerea.sed,  and  finally  ceased,  except 

"This  report  i«  b«8eil  on  field  ohfervatione  miule  in  Imperial  Valley  in  the  i-uni- 
mer  of  190.i. 
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tlurini:  the  poriorl  nf  ovcrfldw,  wlu-u  ii  hiycv  nf  tiiuil  would  )w  sprpad 
ovff  tin'  i^i'iitlj'  slupiuj^  pliiiii,  di.'croii.siiii^  in  .size  of  particles  toward 
the  north,  und  leaving  sediment  in  faii-shapcd  layers.  A  boriiiff  for 
arti'siiin  water  at  Imperial  has  shown  a  siicfossion  of  the-^e  layer;; 
to  a  depth  of  598  feet,  within  which  no  water  was  found.  The  soil 
consists  of  two  distinct  classes,  one  a  hai-d  eotnpact  elay.  wetting 
slowly  and  heconiiiiir  plastic  iuid  adhesive,  fotiiid  alont,^  New  I{i\ei' 
and  formed  by  backwater:  the  other  a  silt  or  loam  soil,  found  in 
u  broad  belt  in  Mexico  and  extendiujr  alony  and  to  the  ea^st  of  Salton 
chanticl.  The  latter  soil  is  of  th*'  class  funned  liy  tlowinif  waters,  aiul 
ranj^c^  from  line  silt  to  sand,  with  occasional  clay.  It  is  easily  till- 
able, absorbs  water  readily,  and  melts  down  quickly  with  irrijrution. 
Coarse  and  sandy  in  Mexico,  it  ^rows  more  einyey  towanl  the  sink. 

To  the  eye  most  of  the  plain  of  the  valley  aiipcars  .'>niooth  and  level, 
with  occasional  sagebrush  and  arrow  weed.  Where  moisture  is  plen- 
tiful arrow  weed  {/'/ui/it<i  tirrictii)  gi'ows  abmularitly,  foi'uiing  dense 
groves  f>  to  lU  feet  high.  Around  the  salt  spring  called  Soda  Spring, 
near  the  mouth  of  San  Felipe  Creek,  a  heavy  growth  of  salt  grass 
(IJiHtifhUs  sjniuitd)  oeeurs,  accompanied  by  mes(piite  (Prusopix  jiill- 
jfora).  Cotton  woods  (/'"/"(/((.v  spp.)  and  willows  ( .SW//j' spp. )  border 
Cameron  and  Blue  lakes  in  the  course  of  New  River.  The  creosote 
bush  {Liirnii  /r/'tfenlii/n)  is  widely  distrilxited.  In  the  rcgio)i  of  .Silton 
Sink  tlie  saltwort  {Siiciiti  sp.)  is  abundant  and  suggests  the  presence  of 
alkali. 

Late  in  the  liflies  a  bill  wa>  presented  •<>  Congress  pro\irling  for 
national  aid  in  the  construction  of  a  canal  from  the  <-iulf  of  Calirornia, 
in  Mexico,  to  Salton  Sink,  leading  the  waters  of  the  Gulf  into  the  sink 
ami  making  an  inland  sea  with  an  area  of  over  otXl.OMO  aercs.  It  was 
hoped  thus  to  put  an  end  to  the  hot  winds  which  blow  from  the  south 
over  the  San  .lacinto  Mountains  into  Riverside  and  West  San  Diego 
counties  and  burn  up  the  crops.  A  sea  li."*  miles  wide  and  <;(>  miles 
long  would  be  substituted  for  a  barren  desert,  jind  the  (iulf  in'eczes, 
instead  of  parting  with  their  moisture,  would  he  furthei'  charged  by 
the  rising  vajior  from  the  itdainl  sea  aiul  carry  lliis  moisture  to  the 
west  side  of  the  San  .lacintos.  The  civil  war  caused  tliis  project  to  be 
forgotten,  but  another  way  of  moderating  tlu'  climate,  i(uite  as  etfect- 
ive  and  more  profitable  to  the  c<nmtry  if  suecessful.  yet  entailing 
great  risks,  was  later  worked  out,  namely,  the  conversion  of  this 
desert  into  vast  irrigated  fields,  and  it  is  with  this  that  this  brief 
repoit  deals. 

Colorado  Uivcr  is  uliout  ilu  tniles  from  Salton  Sirdt.  For  year.- 
engineers  considi'red  means  fof  diverting  this  river  into  Imperial 
^'ali<■y  in  the  sink,  their  plans  being  invariably  rejected  by  capital  as 
invoh  ing  too  great  risk.  In  lsi»I  an  unusua!ly  large  precipitation  on 
the  Colorado  watershed  caused  the  perittd  of  high  water  to  Ijc  long 
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cxtoiicifd.  t'cMiltiiij,''  ill  (lie  lUuKlin}.' <if  iIiousuikIs  of  tu-ros  in  Mexico 
ami  ill  11  liiigc  tlow  iiild  Siillixi  Sink,  liistiii<.'  finiii  Murcli  until  .hily. 
This  flow  was  so  great  tb;it  (lie  luwrr  Icvi-ls  nf  \hv  .-ink  were  covered 
and  liie  flood  foiiml  its  way  In  Snltnii,  in  tlir  iioit liiTii  end  of  the 
reifinii.  Till-  Inxiiriaiit  ^ri'owtli  of  vct.n'tution  (hal  fullowi'd  the  suKsid- 
cnce  of  this  Hood  deiiion-strated  the  great  fertility  of  the  soil  of  the 

vallev. 

CLIMATE. 


The  situation  and  topograjihy  nf  Iiii|)iTiul  N'lillcy  li'iid  one  to  expect 
long,  hot  suiiiiiiers.  The  days  are  hot  from  Mny  until  Se(>teinl)er,  and 
the  glari'  nf  the  sun  on  the  light,  fawn-roloi-i'd  eurth  is  in(ense. 
During  titiiie  iiiid  .hily  a  soutlici'ly  Urccze  in  the  evening  makes  most 
of  tiic  nights  conifortatile.  'i'his  will  iiiij)rove  with  the  wide  exten- 
sion of  vegetation.  .Most  oUjeftioniihle  are  the  dust  storni.s.  eoniinon 
during  this  season.  Tliese  winds  arc  res|)onsilik'  for  the  migratury 
.saixl  hills,  whieh  in  some  instanees  I'eueli  a  height  of  3o  feet.  With 
the  extensive  growth  of  trees  and  plants  these  conditions  will  iiiiiirove. 

The  low  humidity  niiikes  the  sensible  temperature  less  than  the  ther- 
inotiieter  suggests.  The  tnhle  lielow  shows  that  the  maximum  temper- 
ature of  12?>'  V\  in  l!HCi  and  1:^1  in  l!to3  occurred  in  June,  the  hottest 
throughout  California.     The  preui|iitiition  is  insigniticant. 

Following  is  a  table  of  temperatures  at  Imperial.  Cal.,  for  ltt(>2 
and  the  lirst  hiilf  of  I'.toS: 


Dale. 


I  ]«».'— Jmiimry  ... 

■ Krbrtmry  .. 

^^L  Miirrb 

^H  April 

^1  

^^H         June 

^m  

September . 


Tem/ieratuTC  recordt  ul  JmjMriiil,  Cul.,  190:i-3. 


Maxi- 

Mini- 

Menu 

1 

mum. 

miuD. 

'F. 

OF. 

°F. 

81 

U 

U 

K7 

it 

Ml 

»4 

» 

a 

109 

38 

74.4 

1 

)I3 

M 

Hl.li 

m 

ft? 

89.  S 

114 

.M 

StS.l 

lU 

M 

W.l 

112 

i* 

85.6 

Oitle. 


1002— OrtobtT.... 
November . 
December . 
I  1903 — jMiiiiiiry-... 
Februiiry .. 
Mareh 


April  . 
May. 
June. 


Maxi- 
mum. 


"F. 
98 
*>" 
M 
X3 
94 
104 
107 
UK 
121 


Mini- 


Menn. 


"F. 

no 

33  ' 

»i 
■X 

.yi 

116 


"F. 
-•i.4 

57.  J 

liU.7 

I'.S 

76. -J 

Kt.5 

90S 


The  total  rainfall  for  1H02  wa.s  1.3<>  inehe: 
ture  for  the  vear  was  7H..i    F. 


iiid   the  mean  tempera- 


NATURAL  WATERWAYS, 


There  arc  two  natural  waterways  into  Siilton  Sink,  Alamo  River, 
soiiiotiiiies  called  .Sjilton  River,  and  New  liiver.  The  Ahiiiio  receives 
its  siijiply.  vvhirh  is  during  ovcrliow  only,  thro'ugha  iiuiiibernf  wilhiw- 
friiige<l  channels,  which  collect  a  portion  of  the  Colorado  t1o<:d  in  the 
vicinity  of  and  below  the  international  boundary,  in  the  Kanclio  Algo- 
doiios,  where  thousands  of  acres  are  llouded  during  this  [-eriod.  Wind- 
ing it.s  way  past  Seven  Wells,  (iardner-,  ;ind  Almiio  Mocho  for  :U\ 

30tJ20— Xi).  15S— OiV ^12 
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mile 


III 


Mcxii'o,  it  cro.sscs  tlu'  iHHimlurv  into  Culifoniia  fit  Mnniimont 


21s,  tlicn  tiiL'iiiidt'riiiir  nortlnvol   (hrim^fli  the  .suikI  liill>  itiul  in  (.-lit  to 
Mps((uit<-  Lsiko,  25  miles  distant,  thp  latter  acting  us  lui   fqiializer  of 
tlio  Hood  How.     Tli(>nc(*  a  siiiallrf  i-hiHiin'l  loads  nortii.  witidini,''  west- 
ward ticlow  Uniwlev,  and  finally  etniil yinjf  into  Salton  ^ink  wlierc  tlio      _ 
watci'  sinks  into  the  earth,  or,  spreadinj;  tner  tin-  marsh,  evaporates,     fl 
leaxiii}^  only  a  deposit  uf  salt.  I 

A   poiiioii   iif    the   o\t'rl|o\v   mi    the   lower  Colorado   titids  its  way      " 
tliroiie'li   the   Aljroiloiie.s  liy  the  slui;^-'"''*''  1^'"   Piidrones   into   Volcano 
Lake,  thenee  l>y  Ilardys  L"o!oni<lo  to  Ihe  (JiiH'  of  California.      Hurinju-      M 
tile  very  liigh  water  o(  isim  a  portion  of  the  lltHKl  found  it.s  way  from     " 
Volcano  Luke  north  pitst  the  liase  (d'  the  Blaek  Buttes  (the  terniinu.s 
of  the  Cocopah   Monntains).  in  Mexii'o,  euttiiif;  its  way  to  the  lioiind- 
ary  at  Calexico  alioiit  S  miles  west  of  the  Alamo  erossine;,  forminif 
Cameron  and  Hlue  lakes,  euttinij  a  deep  ehiinnel  we.st  of  Brawley,  and     I 
tinally  flowitiif  parallel  to   the  .\lumo.  eiiteriiij^r  the  sink   near   it.     A 
considerable  territory  lielow   tlu'    hoiiiulary  was  t)verllowed.      Before 
this  there  had  l)een   no  flow   to   the  north   for  se\'eral  years  an<l   the     H 
water  eoiirses  were  el o^rmnl  with   sand.     The  lirst  ohservations  of  the 
flood  were  made  in  ISIKI,  Imt  not  until  I'.MMi  were  careful  i-eeords  kept. 
The  How  for  1S92  was  .small.     The  records  from  1893  to  ISDti,  inclusive, 
are  wantin'.'-.       In    isOT  there  wa.s  a   medium   (low.  while  for  ISlts  the 
flow  was  small.     The  Mow  in  iMtW  he^an  .July  10  and  coittinnec!  until 
Septeitiljer  30.     In  IHiin  the  How  was  largo  and  hegun  alwut  June  15. 
In  ISiol  a  medium  flow  e(nnmenred  dune  (>,  mid  reached  a  inuximutn 
June  is.     Ill  I'.Mi;}  the  How  eomiiieiieed  June  'i,  with  a  maximum  July 
l(f,  the  largest  ."ii nee  l!S90.  ■ 

The  following  measurements  were  made  of  the  How  of  New  River 

in  inu;^: 

Cittui/ing*  of  \eie  Riivr,  VMS. 

Cii.  ft. 

per  w^.^ 

June  22,  at  Nn.  S  linmr  iicirtli\vi-.-i|  of  Inijii-riiil 150 

June  24,  2  miles  at«)ve  t'alifcirniii-Mt'xiraii  liunrnlary .  293 

June26,  1  mile  vitvtof  Hhu-  Uko 238 

July  10,  Boutfi  lit  Hunt  liiieui  Mexico 407  ^| 

The   measurements    ma<le    in    Mexico  on   July   Id,  l!Hi3,  show  the     ■ 
uiaxiiiiiim  How  for  the  seascni.     Ahouf  this  time  the  stream  Iiegun  to 
reeede.     The  measiiri'iiienls  made  ,lune  22  and  .lime  2.'j  were  jHirtially 
waste  water  from  the  main  eunal.      Water  ceased  to  How  acixiss  th©     B 
lioiiiidarv  alioiit  -Itily  lii.     The  ease  with  wliirh  the  water  found  its 
way  into  n  harren  desert,  the  appearance  of  fish  and  waterfowl  in  the 
lakes,   and    the  growth  of    vegetation   wherexcr    wsiter   had  reached     H 
caused  miieli  sjH'eidation  as  to  llie   possiliilities  id'  this  region.     Th»i 
press  all  over  the   West  was  writing  ulioiit  the   Hooded  ilfsert,  and 
eugineer>  at  onre  organized  reconnaissance  parties  for  exploration.         ^| 
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ATTEMPTS  AT  RECLAMATION, 
The  period  from  IS'.W  to  1806  wtus  larfjel^' oni'  of  (liscoven',  prelimi- 


nurv  orgii 


iiiziitioii,  liiid  I'tilistiiicnt  of  cnpitiil.     Niimcroii 


parties  wtTO 


oriTiiiii/.t'd  for  viiriotis  purpo.«i>s.  Land  {^tiiIiIiits  iimilf  dt-scrt  tiliiijjs 
and  iiiijirovtMirvnt  companies  advertised  to  looite  .settJiTs  for  a  fee. 
Tiie  first  worttiy  iuid  lioiia  (ide  i-llort  tit  i-ccljirnation  was  in  the  forma- 
tion of  tiif  Colorado  Kivrr  In-iiralioii  C'omptiiiy,  in  IX'X^.  Tliis  coin- 
jMiny  orgiinized  to  divert  water  fmiti  tiie  Colorado  ludow  Vuinii  and  to 
convey  it  tn  SaJtoii  Basin  foi-  irrti;ntiiin  and  domes! ic  pn)-j>os<'.>,  T!it> 
eompuny  never  arc-omplisiied  muff  tlnin  llic  ])ridinuMary  surveys. 
owinjif  t«  its  failure  durinjj  the  tinaneial  depression  of  IMiti.  iSul  tin' 
jirontise  of  iarj/e  returns  was  ti50  great  ft)  allow  tliis  ciiterpfist"  to  lj(> 
forgotten,  allhonj^di  tin-re  was  in  it  a  (jrcat  elemi'iit  of  risk.  In  a 
semiarid  region  .some  returns  are  pos.sihle  without  irrigation.  Here 
every  morsid  of  food,  every  artirle  of  i'<|niii[neiit.  even  to  drinkinj,' 
water,  had  to  he  freigliteil  witli  teams.  In  spite  of  tin'  risk  involved 
aixi  the  fate  of  the  Colorado  Irrii.'-aliori  Cfimpnny.  the  California 
l)cvido|iiiient  Compatiy  was  formed  in  \s'M>  to  hring  watci'  to  this  for- 
biihling  district.  The  i-ijrhls  of  the  Colonido  Uiver  I i-rigatioii  Com- 
pany were  purchased  and  a  eorp^.  of  erigineere  set  to  preparing  maps 
ami  estimates.  It  was  found  lu-eessary  cither  to  eonvey  the  water 
through  a  tiuinel  o^■er  l."i  miles  in  length,  nurtli  of  the  inleiie.ilionul 
boundary,  or  to  make  a  long  detoui*  southward  and  \v»'stvvanl  through 
Mexico  and  then  utu-tliward  again  into  Califonua.  .Vs  tin-  ertst  of 
sueh  a  liuwnd  was  entirely  heyond  the  means  of  the  eompany,  tile  latter 
eourse  was  decided  upon, 

Mexican  law  prmides  that  only  Mexican  cor|>orations  shall  own  and 
eoutnd  enterprises  within  cerlairr  distatiees  of  its  borders  on  the  Mex- 
ican side,  .\ccordingly,  a  Me.xican  corporation  was  orgaiuzed,  and 
this  corpiu'al ion  pui'chase<l  ptn.UdU  acres  of  land  along  the  ))onndary 
through  which  the  canal  must  pass,  Coiu'cssions  weic  obtained  front 
tlic  Mexican  CJovernnient  carrying  authority  to  proceed,  and  llie  next 
.step  was  to  eneourai.''e  >ettlement.  .VII  of  the  laiul  of  the  valley  was 
public  up  to  the  Southern  Paeitie  Hailroad  giant,  in  which  the  rjulroad 
owned  every  alternate  .section.  Title  to  the  public  land  could  lie 
olilained  in  two  ways-  either  by  settlement  under  tin'  homestead  act, 
re(|uiring  the  beginning  of  residence  after  six  nionth>  and  its  conliiiu- 
urice  for  five  years  to  gain  title  to  ItiO  acres  -a  thing  ipiite  impossible 
without  water— or  by  filing  upon  ;i'JO  acres  of  laud  iimiei  (lie  desert- 
land  act.  Under  the  latter  law  residence  i>  not  necessary,  Imt  a  pay- 
ment of  25  cents  per  acre  i.s  required  when  the  application  is  Hied. and 
satisfactory  [iroof  of  the  expenditure  of  work  w«uih  at  least  i»<l  pi-r 
acre  per  year  for  three  years.  To  obtain  a  patent  an  additional  pay- 
ment of  SI  iM>r  acre  is  necessary,  togethei-  with  satisfactory  proof  that 
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oii(>-i'i<.'lilii  <if  tlio  cntiro  acrcutfr  luis  liei'ii  irri^'ulcd  and  KroiiL'lit  under 
tliofoiijjli  cuitiv  sition.  '["hi'  ujnilif-uil  iniist  also  |>r«)\c  u  |n>i-]«'tnal 
right,  to  water  I'l'uni  a  rtdiiililc  ><niri-f.  a  ))cr[x'tuiil  conlraut  with  a  siil)- 
.stntitial  r(iini>aiiy  in  jKis.si'ssioii  of  anijdc  sti])]ily  Itidni;  licct'jitfd  Ity  the 
GovfniiiU'nt,  Tlii' C'alifuniiu  l)<'V<'!<«pitn'iit  C'i>iM|»iiny  solicitrd  sctlle- 
iiicnt  siecordintf  to  tlii.s  law,  tlic  st-ttler  puri'lmsinfi;  land  from  the  Gov- 
enmietit  and  rntfi-ini.'  into  a  ])r'r|u'tiial  funtiact  with  tlu'  cumpany  for 
one  .--liaro  of  watr-r  stock  for  cacij  Mirr  of  land, 

APPROPRIATIONS  FROM  THE  COLORABO. 

Tlierc  \va,-  water  in  tin- Cniorado,  lieliewd  to  he  snflieient  for  the 
ini^ottion  of  the  entire  delta,  uhieli,  mostly  htdovv  sea  level,  was  easily 
irrigulde  l>y  <^ravity.  On  April  25,  ISilO,  the  comparty  posted  a  notice 
li!in;jr  on  injK'i)  cnbic  fei't  of  watei'  per  seeond.  to  lie  di\erted  at  a 
point  1..")  miles,  more  ov  less,  altove  the  intei'national  iHinmlary  and 
to  tie  eonvpyed  ill  theeanaJ  to  the  jireviously  desevibed  Alamo  ehannel 
and  liy  it  curried .tlironj^h  Mexico. 

The  draiiiaj;e  of  ilie  Colorado,  uccordini^  to  the  United  States  (Jeo- 
loj^ical  Survey,  is  about  225.049  square  miles.  The  first  lueasnreineiit 
of  the  diselmrjife,  made  jit  Stones  Ferrv  August  !S.  IsT").  was  is. 410 
etihie  feet  per  second.  Mai'idi  l.'i,  ISTti.  the  discharj>fe  at  Yuma  was 
7,t5r>!<  enliie  feet  ])er  second.  Ueceiit  iiieasiirenient.s  maile  by  the 
Tnited  Slates  (Jeoloirical  Survcv  at  Viima  are: 

Cii.  fl. 
per  feee. 

July  10,  1H95 4.i,r..S3 

Auinii'l  IS,  \mi U.fiUS 

The  mean  discharge  for  1W2  during  the  months  of  greatest  vise  of 

water  was; 

Cii.  fl.     I  Cn.  fl. 

I>cr  «er.  per  sw. 

Marih 4,90a  '  ,Iuly -1.1,32- 

April 6,17«     August 4,183 

May 35,»til      SepUniil)er 3,819 

June 42,520  I  October 4,299 

These  measurements  show  that  for  ordy  three  i>f  the  eiLdit  months 
of  the  jrrowing  season  was  there  iii  1'.'02  snfiieient  How  in  the  river  to 
meet  the  claini.s  tiled. 

The  f<dlowin».>-  will  <;'i\-e  an  idea  of  the  amount  of  water  Used  ni  l'.t03 
lis  delenniin'«l  hv  gangini;>: 

I'u   (I. 
per.  s-ec. 

Mny  29,  main  ennui  nl  lifiundnry  bridge 492 

Mny  M,  iM\M  si.le  K-knv  takt 122 

June  11,  H>iH  hendiiii! 27 


TolHl 


041 


A  considerable  part  of  this  (i-11  cubic  feet  per  second  was  wasted  at 
the  time  of  measurement,  Init  this  amount  will   be  utilized  with  the 
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extension  of  tlie  systf-ni.  The  liirjijest  estimutod  Hdw  for  l'.*n:!  was 
l,42^  eiihic  fcM't  per  second  tluritii;  rho  June  flood,  cjtilv  si  portion  of 
which  went  throuj^h  thi-  Colorndi)  lieadinj^,  the  reniiihuier  overflowinfj 
thr()iii;h  the  Alijodonos  into  the  A  Ifiino.  In  tilinj:;  on  so  Inrjre  an 
amount  tlic  exiiinple  of  a  j^ood  iiiiitiy  other  coinpimies  \vu.s  lieiiif,' 
followed,  with  a  large  safety  fsetor. 

THE  CANAL  SYSTEM. 

As  ween  dnriiijL;' the  sunmier  of  IHiiii,  the  fiiiuil  system  fi>nsisted  of  (lie 
temporary  wooden  headiiijr  iit  Ilanhiii's  on  the  Colorado,  To  feet  wide, 
and  s  mill's  of  excaviition  and  o'l  mili-s  of  natural  ehanind  ahove  the 
crossing' at  Mnunmcnt  :il>>  (map,  IM.  I\').  Here  the  systc>m  hruaehes 
to  siqiply  the  iinitiial  water  coinjiatiies.  Holt  cunal  sujjplyiufr  district 
No.  7.  a  continnation  of  tlu^  channel  fnrnishinir  disiriet  No.  .'i,  and  a 
large  main  canal  snpplyinj.'  district  No,  1  in  the  center,  distriet  Nf>.  •! 
on  the  west,  through  the  Wisteria  branch,  district  No,  4  l>y  an  exten- 
sion north,  and  district  No.  JS  hy  u  tlutne  over  New  River.  'Ilie  latenils 
as  a  rule  follow  section  lines.  'Vh<  method  adopted  for  naming  the 
latemls  is  worthy  of  mention.  They  are  usually  given  nantesof  trees, 
each  system  of  laterals  in  alphahetical  oi'dei-.  as.  Beaeli.  Hireh, 
Boiuulary;  Dahlia,  l>ate,  Dogwofxi;  ]*alm,  Palnu'tto.  Peach,  etc.  The 
sublaterals  are  nunilwred  in  order  from  the  head  gates,  as.  Elder  No.  1, 
Elder  No.  2,  Elder  No.  3,  etc. 


ORGANIZATION.' 

The  California  Development  Company  was  ineoiporated  in  .Vpril. 
1896,  under  the  laws  of  New  .lersey.  The  company  diverts  (he  water 
of  the  system  from  the  i'tdorado  in  California,  aliout  !.'>  ndles  al>ovo 
tlie  Mexican  boundary,  and  at  the  boundary  thdivers  it  to  La  Sociedad 
de  Yrrigacion  y  Torn-nos  de  la  Raja  California,  the  .Mexican  corpora- 
tion, which  in  turn  delivers  it  to  mutual  water  companies  ai)o\(' 
the  boundary  at  Sharps.  These  comimnies  are  similar  in  organization 
to  other  mutual  water  companies  in  California,  and  are  organized  to 
own  the  distributing  systems  that  carry  the  water  fr<nn  the  main  canal 
of  the  California  Development  Couipany  to  the  farmers.  The  Mexican 
company  joins  the  California  ftev  elopment  CompuTiy  in  contracting  to 
deliver  water  to  mutual  water  companies,  but  as  all  the  stock  of  the 


"Since  this  report  was  written  tno  cunditions  of  organization  have  changed  some- 
what, hut  are  ant  yet  settlcNl.  Thert;  have  tiecn  wDrne  ilitti<-iiltjci<  lietwin-n  the  Cali- 
fumia  Development  Conijiany  and  the  hitlers,  due  to  ii  failure  on  the  part  of  the 
coni|.>any,  owing  to  lack  of  fiinil8,  to  deliver  water  contracted  for,  and  to  mattere 
pertainiii);  to  the  water  rights  ot  theenterprise.  It  i.-<  the  desire  of  !<oineof  thcfeltlers 
to  have  the  Tniteil  .'^tate."  (ioverntnent  purchaw.'  iin<l  iMiuplete  the  system  nn-ler  the 
rcclaniation  act  of  1901.  By  direitiipii  of  Conyn-s.s  an  invi*8tiianition  ol  the  affairs  of 
the  enterprise  is  (jeing  made  by  the  .Secretary  of  the  Interior. 
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Mcxii'iin  Cotii[)iiii_\'  is  ownrd  hy  tla<'  Ciilifuniiii  Devclopiufint  C'oiiijmny" 
iho  twu  <'(iiiijmnics  iirc  priictifnllv  oiii'.  umi  in'i-ordiiiu-  to  tlic  i-oiitrart 
till'  milt luil  t'oinpanies  deal  directly  with  the  riilifoniiu  Di'VidDjHiient 
C'()m])uiiy.  Aiiothor  coiiipiiiiy.  tlic  IinprTisil  Lsuid  Coiiipiiiiy.  has  liceii 
orgiitiizi'd  to  net  us  the  iiifi'iit  of  thf  tiilifoniiii  Di'vcluprnciit  Cniiipjiiiy 
ill  the  still',  of  water  rights,  or  imitiial  water  compuny  stoi'k,  and  town 
sites,  and  to  cithrrwisr'  further  the  interests  rjf  tin-  roiii|)aiiy  snul  cd'  the 
Kettlors.  The  uiiitiud  water  eonijuiides  deal  with  this  cuiupariy  and 
with  the  Califoiiiia  Developtiient  C(nn]>any  and  the  settlers  deal  with 
the  nititiial  water  i-tniipanies.  The  eiL[)ilal  stoek  of  the  California 
Develoj)nieiit  Company  i>  •5<l.:ioO.<ttio,  which  lias  all  been  issnied. 

WATER  RIGHTS. 

To  obtain  water  from  the  eonipany's  .system  it  is  lirst  neeessary  to 
pnrehasea  water  rij^'ht  in  the  furni  of  stock  from  the  mutual  company 
in  who.se  territory  the  land  to  be  irri^mted  is  silnuted.  Stoek  is  .sold 
in  California  only  to  themntiial  compauies.  and  the  nuitual  eonipanies 
sell  only  to  hindholders.  Every  owner  of  land  innst  own  ns  many 
share.s  of  stock  as  he  has  acres  of  land.  I'his  is  a  neeessary  provision 
to  prevent  sp't'idation  and  to  insure  lh{'  universal  use  of  water. 

The  followiiii,''  is  a  synopsis  of  the  joint  contract  between  the  Cali- 
fornia ncvelopnieiit  ('oin])any.  Socii'dad  de  Yrri^acion  Terrenos  de  la 
Baja  California,  and  the  mutual  wat(M'  companies; 
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K.vrmiT  FKim  tmk  .MintLiis  ok  .\<im;EMENT  in-  Tin:  cai.ifobxia   iievbi.opmext 

CO.MPAXY. 

Oil  .Inly  'J-i,  IVtil,  lit  the  city  <if  I,08  Aiijrt'le!',  a  rontracl  was  eiitiTfii  into  iM'tweeii 
La  S<x-ieila<l  de  Yrri)r!ii-i<iii  y  Tfrrt' iii«  <le  la  Baja  (.'aliforiiia  ( Soeioiluil  Anfuiiina  I,  |>arty 
of  the  tirst  jiart.oivaiiized  iiiuler  the  lu\v«  of  the  Rejiiiblii.'  of  Mexiro,  Imperial  Water 
t'iini|iany  Nn.  1,  jmrty  of  the  pet'oad  [lart,  orjiaiiized  iiiider  the  liiWH  nf  falifornia, 
and  ttif  ("alifiiniia  lievelopiuent  (.'niiiimny,  jiurty  of  the  thinl  |inn,  orjfunized  under 
the  liivv^i  (if  New  Jersey;  wherein  lirfl  party  agrees  upuu  demand  of  weond  party  to 
perpetimlly  ileliver  to  eeeinid  |iiirty  any  aniount  nf  water,  iint  to  exeeed  4  neit'-feet 
]n-r  aniiinii  liir  each  oat.'^tandinK  sliare:  I'ruiiilnl,  lioii-ciri-,  Tliat  llie  ainoiiiit  tn  l>e 
delivered  sliall  nut  exceed  -HKljlMKi  acre-feet  j«'r  annum,  tu  he  dehveied  tn  seininl 
party  at  the  point  mi  tlie  international  Uniiidary  line  U-tweeii  the  I'liitetl  ,'^tates  of 
America  and  the  fvepnhlic  of  Mexico 'where  main  caHal,  constructec!  by  first  [wirty, 
crosses  the  line,  fi-r  and  in  cnntuderalioii  of  50  cents  per  acre-foot. 

}k;cond  party  iitrrees  that  the  third  parly  fhaW  have  exclusive  ripht  to  collect  all 
moneys  fur  the  s^ale  of  stuck  of  i<ecitnd  party  an  treasury  stock.  Jt  !.•*  further  aitreeil 
lietween  the  lirsl  and  ("ccond  jiarties  that  '■wenml  p.irty  shall  receive  and  jiay  for  not 
lesslhaii  1  acri--li)Ot  (if  water  Jiir  each  slaireol  its.-'tiick  lUilshiinlinj;  iipuii  the  first  ilay 
of  .luly  of  each  year,"  and  thai  the  [iriee  ui  M  cenis  |«'r  acre-foot  shall  in  no  event 
W-  iucrenseil.  In  case  of  luiliire  of  second  party  to  make  payment,  the  first  and 
third  jiarlies,  or  either  of  iheio,  may  cea.«e  to  deliver  water  until  arrearajje  is  fully  fiaid. 

The  California  Development  Comiiany  ajirees  to  construct  and  iimintHin  a  main 
canal  from  llie  lioiiudary  line  to  the  laterals  of  the  stockholders,  sullicient  to  mipply 
4  acn'-fool  per  anntnn  for  each  oiit.sfaniliiij;  share  of  stock,  in  the  event  tli.it  the 
ix)ni|)any  sliall  hiil  to  construct  canals  and  convey  water  as  agreed,  si-coml  jiarty  shall 


I 
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liMve  the  right  toentor  ii[ion  said  i-aiial  and  tn  iniike  .hiuIi  eiilar(;emeiits  ami  ri'imir."  iw 
may  Ix'  nL'>"e8sarv  to  j;ivt>  sufficient  cajiai'ily  an'l  shall  have  the  right  to  ctinvey  water 
thriiiigh  sai<l  ("anal.  The  coMt  (ifwitne shall  l>e  a  claim  a'jiin^t  [larty  of  llie  third  part. 
rhelVvel'ipnient  t'mnpany  ajiree!*  tn  ermi'tnict  aHyslein  of  ilistriluilin'.'ditclu'r'  in  snch 
manner  as  to  cuivvey  the  waterf  from  saiil  canal  to  a  pi>int  npon  I'ach  );overnnienlal 
sulMlivisioii  of  ItH)  aiTcs  of  laml,  from  wliith  it  i^>  [inicticahli'  to  iniyate  the  same  hy 
gravity.  Laterals  and  ditdies  as  s.ion  as  completed  are  turned  over  to,  and  are 
thereafter  owned  and  eotitriilled  by,  the  uuitnal  watercompanies  uiHjn  acceptance  hy 
unauthorized  representative  or  engineer.  The  amount  of  water  to  lie  delivered  at 
the  boundary  line  by  first  party  sliatl  Ik-  increased  2  fier  cent  to  allow  for  seepajre 
and  eva|M>mtion. 

The  term  "acre-foot"  of  water  shall  !«•  omstrneil  to  mean  -l.'t.fttiO  cubic  feel  of 
water. 

The  comi«Uiy  further  agrees  to  keep  the  .-iysleiii  in  jiooil  repairs,  ami  to  deliver  tlie 
aforesaid  amount  of  water,  Imt  said  party  shall  nitt  be  held  respimsible  for  failure  to 
deliver  the  water  from  any  cause  beyon<l  its  loiilml,  but  shall  exercise  due  dili- 
gence in  protecting;  the  system  of  amals,  and  in  nstoriMj;  anil  maintainiiitr  the  Itow 
of  water  therein. 

Il  is  finally  agreed  that  for  the  faithful  [ierforman<-e  of  all  ihe  terms  and  comlitions 
of  this  agreement,  severally  to  Ik.'  piTfornieil,  the  first  and  tliinl  parties  do  each  j>er- 
fietnnlly  ^inarautee  snrh  performance  hy  the  other,  and  do  severally  and  [>erpelnally 
bind  lliemsehes  to  .said  second  party  that  suili  lerformariie  le  loadi  . 

Thi.-i  liiiiil  clituse  results  in  priictici'  in  tlie  ("alilniniH  Devflojiiiient 
Comimny  Imviiijj  the  entifc  iimiuijrt'iiH'iit  (if  tlu'  lu'ud  vv«»iks  ami  main 
oainils  in  Califoniiii  ami  .Mexico. 

Tln^  cnntfiict  is  fair,  concise,  Hiid  positive,  liimliiio-  tin-  sellof  and 
U.ser  alike,  untl  slinwino- c^ood  faitli  on  tin'  jmrt  of  ihr  I  >evelo]H))ent 
Company. 

IMPERIAL   WATER    COMPANY    NO.    1.    A    TYPE    OF   MUTUAL 
WATER    COMPANY. 


()f  the  mutual  watef  c-uinpaiiii's.  Imperial  Water  Company  No.  I 
ba.s  the  oldest  uro'ani/.atioii,  and  after  it  have  been  fashioned  all  u{  thi' 
others.  Tlierefore  it  will  lie  considered  in  detail  as  u  type  of  the 
mntiial  eompaiiics.  Its  {)rosent  articles  of  incorjioi-ation.  liled  Sep- 
teiuher  :i5,  IIMhi.  stale  the  piir|ii)se  of  the  eonipany  to  be  as  follows: 

tl)  To  K'cure  a  supply  of  water  lor  irrijialion.  donu'slii:.  an<l  other  purjiows  from 
Ijk  Sociedad  de  Yrritjacion  y  Terrenos  dt-  la  Baja  (.'alifornia  |.*N(ciedad  .Vuotniua); 
(2)  to  distribute  water  at  cost  to  slocliholders  only  on  hinds  owne<l  by  them  in  the 
preseril)e<l  l)oundary;  (3)  to  construct  eomluits  for  distrilaition;  (4)  to  utili7.e  fwjwer 

and  to  do  any  and  all  -iflieraets  that  may  lie  necessary  ii nnectioii  witli  the  sui-- 

eessful  nianat;eMient  of  the  princi{Nd  olijects  for  which  the  corjioration  is  formeil; 
(A)  the  amount  of  capital  stock  is  $1, 000, (HH),  divided  into  U)0,(XlU  shares  of  the  |iar 
value  of  $1(1  each. 

The.  board  of  directors  c'lects  a  superiiili'iideiil,  who  has  entire  chtirjre 
of  the  systems  aiul  their  inaiiitenarice.  He  lius  personal  snjx'rvisioti  of 
the  mains  and  laterals,  and  is  the  mediator  between  the  eompany  «Tid 
the  User  of  water.  His  sahiry  is  ^tioo  jx-i-  month.  His  ditties  tire 
nrdiious  aud  require  an  intiiiiHte  ac«[itaintHrn^o  with  irrigtition  practice. 
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Tbe  Ziuijt'ros,  or  ditch  t^MKlcrs,  are  nppointod  liy  siiul  aiv  unieiviildo  to 
th<' supi-fiiittTidi'iif.  tu  wIkiiii  tlipv  ii'port  iliiily  at  tlji'oHifc  in  Iriipcriul. 
Eticli  zuMJero  in.s|)ects  his  disisioii  of  ctiiial  dsiily.  obsorviiiif  and  n'jrii 
liitiii<j:  th<!  How  in  the  Ititonils  and  theanionnt  froinj);  toen-h  user.     Tht- 
znnjeros  recfivo  !j>S(i  to  $'.•"  pi'i"  month,  with  a  house  furiiish('il. 

ImiK^riul  Water  C-oiriiranv  No.  I  hiis  an  area  of  nearly  KiO.ihm)  acres 
uiidi'i- canals,  over  'i.RiKi  of  which  woro  utulcr  frrijration  in  lltnri.  Tlic 
surface  <>{  tiiis  land  is  in  jjciicral  a  smooth,  apparently  level,  u'cntly 
slopinj''  plain,  admirahly  adajited  to  irrigation.  X'ej^etation  is  scarcis 
oi'  entirely  ahseiit.  By  the  u.se  of  parallel  borders  with  length  in  the 
d're<'tion  of  the  jjreatest  sIo|r»  the  settlers  ha\'e  been  able  to  apply 
irriij^ation  with  but  little  leveling-.  Exception  nvust  be  made  for  the 
lan<ls  sloi)!!!",'  to  Mes(|ui(e  Lake  in  the  northeast  corriei',  where  there, 
is  a  hij,''h  }:;radient  and  the  land  is,  as  a  rule,  baiUy  ijuHied.  The 
natural  situation  of  Mesipiite  Lake  make.-  it  udminibly  adapted  for 
a  sump  into  w'hich  the  surplus  water  from  the  irrijrated  fiehls  may 
How.  Till'  cimals  are  eoiistructe<l  (I  feet  wide  and  Lo  feet  ileep  for 
l(iO  acres,  and  14  feet  wide  and  Lo  feet  deep  for  ()40  acres.  The  com- 
pany assumed  that  the  land  should  receive  4  acre-inclies  in  ten  days.  1 
acre-foot  in  thirty  days,  and  4  acre-feet  in  one  hundred  and  twenty 
days.  For  alfalfa  it  is  a.ssiuned  that  4  acre-feet  will  be  recpiircd 
duriny  a  season  of  eii»'ht  months. 

COST  OF  WATER  RIGHTS. 

To  encouratre  settlement  and  also  to  procure  needed  funds  for  con- 
struction, the  California  Development  ( 'ompanv'  sold  stock  carryini>- 
water  rijjhts  in  advance  of  its  ability  to  deliver  water.  The  price  of 
this  lirst  stock  was  reduced  from  i?l'i  per  share  to  §8.75,  and  a  further 
reduclion  was  made  by  <,^i\'inff  a  tlravvback  of  S;i,  in  company  bonds, 
fur  each  of  the  Hrst  50,tKI0  shares  issued.  These  Iwnds  were,  receiv- 
able ill  payment  of  tinal  installmonts  on  the  stock,  thus  reducinjj  the 
cost  of  the  ,"iil.(iiH)  shares  to  $.'t.7.">  |)i'r  share.  Since  these  sliures  were 
sold  the  price  of  stock  has  been  constantly  on  the  increa.se.  October 
1'),  1W»>,  and  contirmiiitr  to  October  I,  liHil,  the  selling'  price  was 
i?lL2;").  From  October  1,  l!Hi;i.  to  June  1,  l!Hi-t.  it  was  Sj^lfi.  On  this 
latter  date  it  reached  jirid,  payable  1^5  in  cash  an<l  the  bulance  in  Hve 
yearly  installments. 

IMPERIAL   WATER    COMPANY    NO    4. 

imperial  Water  t"<>m[)!iny  No.  -t  was  iiicoipnrat4'd  to  irrigiite  I7,.'>(X) 
acres  of  land  adjoining  that  of  Imperial  Water  <.'oiii[»any  No.  I  on  tlie 
north  anil  including  the  rest  of  the  territory  between  the  .\lamo  and 
New  ri\ers.  Water  is  supplied  l»y  an  extension  of  main  cana!  No.  1 
fr<»m  a  [>nint  in  >ec.  IW,  T.  Hi  S.,  It.  i:}  K.,  an<l  known  as  the  Hay  Win- 
dow.    From  there  it  flows  north  with  a  fallof  0.117  to  0.35  htot  per 
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TTOCh)  for  14..")  iniirs,  tin'ii  niiiiiiii*;'  iinj-llicii>t  foi'  l.T)  iiiili-".  In  th<'  liiiul 
wutcrt-'d  l>y  this  (.'uiiiiKiny.  W'licii  uii'iisiircd  ut  tlif  turn  o[i  .Itmi-  4, 
lJt03,  the  width  was  Iti.ti  feet  and  the  dischiiiije  wils  +9  cubic  feci  per 
socoiid.  Tlierc  is  ii  deplonililr  lack  of  •.'■oixl  camd^  in  disii-ict  No.  4. 
TlioM'  thiit  iirr  tlicrc  wrvr  iii;id('  with  u  \\\ug  plow  drawn  jutoss  the 
vii'irin  phiin  and  liiiislicd  wilii  thi-  '■  \' "  srniper.  As  ii  resiilt  Jiiiich 
trouhli'  liii->  Im'l'ii  cxpcrifticfd  iui(f  imu  fi  timi'  hsis  been  C(Pti--nnii'd  in 
tndni;  to  sluii'i'  them  otit  to  usefid  foi-in.  in  niiiny  cases  the  hitt'rid  ui>t 
giving  satisfaction  until  ciihirgcd  with  otlici-  iinplcinciits.  The  struc- 
tiiros.  loo.  won'  fiudty  in  patlcrn  and  ronstniction  ami  it  has  usnallv 
Ih-'CI)  iii'cesstiry  t(j  ivfdiicc  thi'in  after  a  considtTahie  loss  of  tiiiif  and 
expense.  The  land  in  district  No.  4  is  naturally  adapted  to  irriifation, 
Imvititr  a  slope  of  ?,  to  \'I  feet  per  mile  to  the  northeast,  with  few  hinn- 
uux'ks  or  sund  dunes  and  hut  little  niestpute  brush.  Tlie  n>\\,  which 
varies  from  a  coarse  to  fine  loam,  with  a  little  clay,  is  readily  cnltivalde 
and  promises  larjfe  yields.  The  gradual  slojic  lo  I  he  Alamo  makes 
drainage  eiisy,  wdien  found  desiralde.  as  it  probably  will  be  in  the 
course  of  time. 

Centrally  loealed  in  district  No.  4.  and  !'_'  miles  north  of  Impei-iid. 
is  the  town  of  IJi'awiey.  which  promises  tu  lie  the  center  of  districts  4 
Riid  8.  The  town  is  uniipie  in  its  Inuldiiiffs.  which  are  almost  all 
"dollies,"  their  material  beintr  madi»  mi  the  spot  by  tuniin^f  the  water 
from  the  ditch  onto  the  place  to  Income  cellar,  moldin;^  the  bricks  from 
the  rni.\ture,  dryinji  in  the  sun,  and  cementing  the  walls  with  the  wet 
material  <li redly  from  the  earth.  These  structures,  not  easily  utfected 
by  outside  temperatures,  are  cotil  in  suuuiier  and  nuiy  be  kept  warm 
in  winter;  an  overhanging  roof  protecting  alike  from  the  sun  and  ero- 
sion by  rain. 

IMPERIAL  WATER  COMPANY  NO.  8. 

Imperial  Water  t'onipany  No.  f<  was  formed  to  irrigate  4n.ooo  acres 
of  land  on  the  west  sidebf  New  River,  northwest  of  Imperial  and  join- 
ing district  No.  4  on  the  west.  The  slope  is  greatest  to  the  n<»rth  and 
the  district  is  to  be  ii-rigatrtl  by  a  supply  ditih  running  north  and 
south,  with  east  and  west  laterals  every  mile.  The  main  canal.  Tama- 
rack, which  was  in  process  of  construction  when  visited  in  July.  l!tU3, 
is  supplied  by  the  same  main  as  district  No.  4,  having  its  Nource  just 
lielow  the  turn  in  section  18  in  the  northwest  corner  of  di^trict  No.  1, 
and  leading  thence  over  New  River  by  a  O-foot  flume.  It  is  proposed 
eventually  to  get  a  supply  by  damudng  New  Ri\er  west  of  Imperial. 
If  this  is  done  exlensi\i>  IIock!  gates  must  be  provided  to  allow  for  the 
overflow  fron»  the  Colorado  by  way  of  \'olcatio  lakes,  which,  July  in, 
lMt)3.  when  measured  alKive  t!ie  boundary  line,  amounted  to  i.tiTS 
cubic  feet  i)er  second.     \  i>ortion  of  district  No.  S  is  dotted  with  hum- 
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uiocks  lli  to  titi  feet  liiij;!),  whit'li  it  \vi.)iild  sct'iii  could  not  t)i>  ]u-ntital»ly 
leveled. 

Itiii>criiil  Water  Cloiupaiiy  No.  8  is  a  bonded  conipnny.  Tin-  Iiupi-- 
rinl  CoDstructfoti  C'uiiipnuy  piirchiisi'd  from  llie  I'Mliforiiiii  Dcvelop- 
nuMit  Conipuiiy  all  thf  sti>ck  of  liiipcriul  WiitiT  Coinpuny  No.  S  ;ind 
undertook  the  construction  of  tde  distriltuting  system.  The  water 
stci'k  i<  paid  foi'  with  the  honds  of  the  mntuul  compimy.  These  hoiids 
run  t'of  twenty  yuiirs  from  .Jiuutary  1,  l!Mi;-{,  with  interest  iit  0  per 
cent  per  aiiruini.  ]>uyal>Ie  .'^omiaiinuiilly  in  .laniiary  and  July  of  each 
year.  The  yearly  payments  hoiriii  . January  1,  IIHIS.  at  (lie  rate  of  Si 
I)er  shari',  and  continue  until  1923.  when  the  tiiial  payment  will  be 
due.  'Ihc  Imperial  t '(instruction  Con)iJany{»'uamntee,s  to  complete  the 
.system  and  turti  it  over  to  Imperial  Water  Company  No,  8  free  of 
inilelitedtM'ss  other  than  the  bonded  dclit  »>f  $1^0  |»ei'  share  of  stock 
sold.  The  aijreenieut  provides  that  Iwnides  the  (mynieiit  of  25  cents 
per  acre,  reipiired  by  the  (lovei-ntnent  as  the  tirst  payment  on  the  land, 
SL  per  acre  shall  be  ])aid  for  botuis.  Wat<'r  I'ompaiiy  No.  ^  has  been 
allied  the  po<»r  man's  friend  because  ihe  initial  payment  is  >mall.  Init 
many  settlei's  do  not  look  with  fiivoi-un  the  loiti;  protracted  payments. 


IMPERIAL  WATER  COMPANY  NO.  6. 

Imperial  Water  Company  No.  (i  was  incorporated  to  irrifjate  2o,0(J0 
acres  of  land  eontii^ituiis  to  the  Mexican  line  and  beluecn  New  River 
and  Siefnul  Motmtain.  This  Ixtdy  of  land  i.-.  supplied  with  water  by  a 
flume  over  New  River  al  a  ])oiut  in  Mexico  known  as  the  Z  4  <-i-ossinjr. 
whence  the  flow  is  throuifh  \Visteria  caind.  .\t  the  time  of  tliis 
jn(|uiry  thei"e  was  no  cultivation  in  distrii't  No.  tl. 


SEEPAGE. 
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In  the  ai'id  re^^ion  where  irriijation  is  practiced  the  soil  is,  us  a  rule, 
pervious  and  deep,  allowinj^  the  leukaee  or  seepn';'e  from  the  canals 
and  the  surplus  fvvm  overirripition  to  sink  into  the  sand  with  no 
Inii-nifid  etlects  at  the  surface.  Ordinary  s;ind  will  absorb  2^1  to  50 
jier  cent  of  its  bulk  of  wat^-r,  and  if  ;^/0  lo  (id  feet  deep,  as  is  often  the 
cn.se  in  the  j^^reat  interior  valleys,  it  is  plain  that  an  immense  ([uantity 
can  be  stiu'ed  before  makiiij^  its  tippcai'ance  on  the  surface.  The  soil 
conditions  in  impi'rial  X'altev  are  unusind.  The  s<nls  nre  clay  anil  line 
silt  from  Colorado  River,  the  coarser  materials  carried  by  tiie  river 
havinj,'  been  deposited  on  the  liiirher  land  in  Mexico.  An  irrejridarity 
of  strata  prevails  on  th<'  surface  and  beiu-ath.  A  particular  tvjie. 
for  example  a  clay,  may  have  |iert'ei'tly  delinite  iiuuts.  A  comnuin 
form  is  that  which  assumes  the  shape  of  a  lidie  with  a  detitute  line 
of  division  between  sand  and  clay.  \\\  the  conditions  would  su',''- 
gcst   that  this  was  once  a  lake  into   uhich  the  silt  laden  waters  had 
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flowed  until  tlu'  surfaco  was  I'uiscd  uUovo  tlu'  sun'oimdinjr  cunntry, 
after  wliirli  ihv  liikc  was  cut  oil'  frnm  (In-  su|>ply  stn-ain  l>v  the  shift- 
ing sjind.  TLp  hard  winds  arc  a  iiiii\i'rsiil  h'voler  and  ffufi  to  pare 
down  ill  Olio  plat'i'  and  to  ltiiil<l  u|i  in  aimther.  Tlio  less  adiicsivo 
particles  are  rapidly  nirried  away,  leuviug  the  elay  stundiiijf  above 
the  general  level.  Throii^di  all  of  tlu-sp  types  water  seeps  slowly  l>iil 
constantly,  liotli  horizontally  and  \ertieally.  The  iiot  sun  warms  the 
.soil,  tending  to  acecderate  tlu'  How.  That  which  remains  on  the  sur- 
face tends  to  defloccidate  or  destroy  the  poro.sity.  reducing  aeration 
and  resulting  in  a  stunted  [ihint  growth.  The  best  conditions  are 
where  the  .soil  spaces  are  half  tilled  with  air  and  half  witli  water. 

Before  the  building  of  canals  water  remained  in  Cameron  and  Blue 
lakes  for  long  periods  of  time  after  the  cessation  of  flow  in  New  River 
in  July. 

In  passing  through  the  soil,  water  dissolves  the  .salts,  which  are  pres- 
ent in  these  alhnial  deposits  as  a  result  of  rock  disintegration,  from 
which  they  are  derived.  Evaporation  of  tlie  water  causes  them  to 
precipitati'  and  (o  be  deposited  on  the  surface  a-^  alkali.  Tin'  de|ii)>it* 
may  increase  from  year  to  year  sutticiently  to  prechidi-  ]ihint  growth. 
The  results  of  seepage  in  Imperiat  \  alley  wen-  noted  parlicidiirly 
along  several  of  the  lateral^.  .\  deposit  wa.s  found  on  the  surface  of 
the  ground  along  the  side  of  one  of  the  canals  10  to  "in  feet  from  the 
Imiiks.  The  deposit  liad  a  dai'k,  greasy  apjiearance,  and  «hen  touched 
to  the  tongue  was  strongly  biting  and  corrosive.  An  analysis  of  this 
di'|io.>it,  made  by  Or.  \l.  11.  Loughridge.  (d'  the  riuversity  of  Cali- 
fornia, showed  it  to  Contain  a  high  percentage  of  calcium  chlorid,  one 
of  the  most  harmful  .salts.  Similar  deposits  were  observed  on  other 
laterals.  On  the  east  side  lateral  in  the  Holt  district  a  i>oi'ti<>n  of  tin- 
canal  is  cut  thidiigli  a  still'  clay,  which,  when  wet,  shows  great  solu- 
Idlity  and  sinks  or  runs  together,  leaving  great  holes.  In  the  lower 
stretches  of  this  district  there  is  a  !nird])an  of  cemented  sand  which 
disintegrates  at  once  when  water  is  ii[)t''ied,  becoming  loamy,  owing 
to  the  fact  that  the  cementing  material  is  solulile. 

The  losses  from  the  canals,  which  in  part  ai'e  the  caiisi*  of  this 
deposit,  were  measured  in  a  nunilier  of  instances  during  tin'  summer 
of  1903 — namely,  on  Hirih.  Beach.  Dnliiia,  Dogwood,  Holt,  and  Kose 
laterals.     The  results  of  these  nn-asurements  are  given  below: 

SiCjMii/r  nil  null  rniifiilK  in  Jih^htihI  \'nlle;i,  JHOJ. 

[Ill  CClbU-  ("fl  IMTSWntlll.) 
»n«  H    I.ATKR.M..    II'NE    Ifl. 

Inflow:  Xear  head  ipite 17.  75 

Outlliiw:  I'liur  milfs  Ivflow  head  |:>iite 16.75 

Lo8«  in  soft  ion 1.00 

Lews  Jier  tnile 25 

Pprcenliii;e  of  Iciss .*).  03 

Pert«iiUi;!e  of  liisa  per  mile 1.41 
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BlltCII    LATERAL,  JIXE  23. 

Inflow:  Head  (f*'e 24.45 

Outflow :  Thret'  miles  Ix'low  head  gate 23. 80 

Lo.<!i  in  section 59 

I^)ss  i>er  mile 20 

Percentage  of  loas 2. 41 

Percentage  of  loss  i>er  mile 80 

BEACH    LATERAL,  JCXE  23. 

The  channel  of  Beach  lateral  is  flat,  shandy,  and  weedy,  with  2  miles 
in  emlmnkment. 

Inflow:  Xear  hea<l  gate 7. 12 

Outflow :  \Vee<rH  ranch,  6.5  miles  l)elo w 4. 37 

Loss  in  section 2.  75 

I,oss  per  mile 42 

Percentage  of  loss 38. 62 

Percentage  of  loss  per  mile 5. 90 

DAHLIA  LATERAL,  .Il'XE  7. 

The  first  half  of  the  section  is  in  a  slight  cut,  with  the  remainder 
silted  somewhat,  espec-ially  in  the  last  2  miles. 

Inflow :  Xear  head  gate 45. 40 

Outflow:  9.5  miles  below 36. 45 

Loss  in  section 8. 95 

Ix)ss  per  mile 94 

Percentage  of  loss 19. 70 

Percentage  of  loss  per  mile ■. 2. 07 

IXWiWrxJI)    LATERAL,    IILY   8. 

This  lateral   was  in  poor  condition,  with  dciwsit  of  silt  inside  and 
levees  partially  weedy. 

Inflow:  Xear  head  irate 22. 60 

Outflow:  Six  miles  lielow 16. 88 

I,oss  in  section .">.  72 

Loss  i>er  mile !'5 

I'crieiitage  of  l(»s 2.").  .S2 

Perci'iitacf  of  loss  per  mile 4.  22 

noLT    LATERAL,    FIRST   SE<TIOX. 

Tlic  soil  which  this  lateral  passes  througli  is  irregular,  with  strata  of 
nilt  and  clay. 

Inflow:   Ilelow  head  gate 27.28 

Outflow:  Five  miles  Indow 24.  44 

Loss  in  section 2.  .S4 

l-o.^s  pel'  mile •")7 

Percentage  of  loss 1(1, (M) 

Percentage  of  loss  per  mile 2.  (M) 
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HOLT   LATERAL,  SEOOXn  SEITIOS. 

The  soil  along  this  fiectioii  is  a  coarse  silt. 

Inflow :  Near  H  ickory 1 2. 92 

Outflow :  3.5  miles  below,  at  Raymonds  Comer 11 .  82 

Loss  in  section J 1.10 

Loss  jier  mile 31 

Percentage  of  loss 8. 51 

Percentage  of  loss  y>eT  mile 2. 40 

KfKSK   LATERAL,  FIRST  SECTION. 

Inflow:  Below  head  gate 36. 55 

Outflow:  Si.x  miles  Ijelow,  near  Imperial  Road .^2.01 

Ix)ss  in  section 4. 54 

Loes  j>er  mile 75 

Percentage  of  loss 12. 42 

Percentage  of  loss  {>er  mile 2. 07 

HOSE    LATERAL,  SECOND  SECTION. 

Inflow:  Below  head  gate 24.54 

Outflow:  4.75  miles  lielow 23.32 

Loss  in  section 1.22 

Loss  per  mile 26 

Percentage  of  loss 4. 97 

Percentage  of  loss  [Hjr  mile 1.05 

METHODS  OF  LEVELING  LAND." 

The  land  in  Iini>eriiil  Valley  has  a  uniform  grade  of  2  to  fi  feet  per 
mile.  Thi.s  would  seem  to  be  a  very  satisfactory  grade  for  the  appli- 
cation of  water,  but  the  pre.sence  of  "mesquite  mines,"  sagebrush,  and 
greasewood  on  the  tops  of  hummocks  makes  the  land  hard  to  level. 
The  most  satisfactory  implement  yet  adopted  for  removing  .sagebrush 
is  an  old  railroad  rail  bent  in  a  V  shape  and  hauled  over  the  ground  )>}• 
a  team  at  each  end,  which  breaks  off  the  shrubs  or  tears  them  out  ))y 
the  roots.  For  leveling  the  land,  a  number  of  kinds  of  implements  are 
used,  each  adapted  to  particular  conditions. 

THE  SCRAPEB. 

This  implement  is  in  great  favor  in  Imperial  Valley,  both  for  level- 
ing land  and  digging  laterals.  It  is  strong,  portable,  and  has  a  wide 
range  of  u.'^e.  It  loads  (juickly,  loses  but  little  in  hauling,  and  after 
the  load  is  dumped,  the  team  may  be  turned  quickly.  For  the  larger 
hummocks  this  is  the  only  implement  practicable. 

"For  a  more  complete  description  of  the  metluKls  of  leveling  and  preparing  hiixl 
in  Imperial  Valley  and  elsewliere,  sen*  U.  S.  Dejjf.  Agr.,  Office  of  Kx]>erimeiit  t»ta. 
Bui.  145. 
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THE  LEVEI-EB. 


Wlioiv  the  liuninioi'ks  arc  mit  liiirli  mid  urp  more  or  less  iinifftrm  in 
size  thoy  oiii  l>i"  iiion"  chciijjly  ilikI  iiiorr  iitiickly  .smoolhml  In' other 
mpiins  thiiti  hy  the  iisf  of  the  scriiprr.  An  impltMiient  in  fiivor  in 
Ini|ii'iiiii  Viillcv  for  Hits  wni'k  i>  tlu'  rcctnii^rnliir  Irvcler.  Tliis  imple- 
iiicirt  i-oiisist>  of  ii  riTtiinjjiilnr  frntiic  8ti  foi'l  lonjr  and  l^i  feet  witle,  itmde 
of  4  t)y  1'2  itH'li  tiinhcrs,  preferably  Oregon  pine.  The  leveler  reseru- 
hles  ;i  sled  ill  coiistnii'tion,  tiie  8(l-f()ot  timhers  porresjjondiiii,''  to  run- 
ners, iind  the  12-t'oot  tiinhoi's.  six  in  niuiilier  and  spaced  f>  feet  iipnrt. 
eorri'spoiidinjf  to  croAspieees.  'I'ln'  h'\idor  is  hiiiiled  from  one  end,  the 
six  cro.sspieees,  which  should  he  shml  on  llieir  vve;irin;,'  sides  with  'i  hy 
i  iiieli  steel  pliites,  ii-.-tiiij,''  us  sci-:ipeisiurd  levidiiie;  liown  the  hunuiioeks. 
The  fourth  crosspieee  from  the  front  is  attuehcd  to  Inuij^ers  in  such  h 
Wiiy  lus  U>  he  free  to  he  innved  up  sind  down  hy  uieiuis  of  levers,  hy 
nieuns  of  which  this  crosspieee  eiin  lie  iniide  (ocut  more  deeply  than  do 
the  others.  This  nuiehine  weiirhs  from  l.tjno  to  :i,(ltli»  pounds  uml 
rei[uires  liJ  horses.     It  is  an  eHet-live  iuipkniient, 

THE  PLANER. 

Tliis  implement  is  very  salisfiictory  for  use  on  slig^htly  uneven  fjround. 
It  is  composed  of  11  horizontal  or  hase  timher  4  liy  12  inches,  and  a  ^•er- 
tiesd  hack  :i  hy  is  inches.  Thetimhers  are  held  tojjether  liy  the  exten- 
sion of  the  steed  plate  with  which  the  liasc  is  shod,  and  also  hy  ^  by  j'j 
inch  straps  from  the  U»:  of  the  hjise  to  a  point  near  the  top  of  the  ver- 
tieal  hack.  The  base  is  hevflod  toward  the  front  and  shod  with  plate 
steel  to  make  it  take  dirt.  Each  end  extends  1  foofhevond  the  end  of 
the  vertical  portion,  and  to  this  extension  is  bolted  a  foothoard.  Out- 
side of  and  below  the  footboards  are  the  iron  hangers  to  which  the 
team  is  alta<died.  On  each  footboard  stands  a  driver  of  four  animals, 
und  the  two  drivers  toi;fetlier  govern  the  action  of  the  planer.  On 
approachinjf  a  mound  the  drivers  stand  on  the  forward  end  of  the  foot- 
boards, depressiiifr  the  lilade.  As  the  plani>r  moves  forward  a  layer  of 
earth  is  shaved  olt  and  gradually  scattered  liy  the  tlrivers  standinjr  on 
the  rear  of  the  footboards.  The  team  may  be  tpiickiy  turned  and  the 
inontid  aji^ain  approached.  The  uiauipulation  is  easy.sinijile,  and  effect- 
ive. The  planer  is  of  especial  vtilue  in  conjunction  with  the  le\eier. 
When  the  large  machine  hius  removed  the  brush  and  pared  ilo^^  n  the 
major  partof  the  hummocksthe  remaininirpart  may  beijiiiekly  removed 
by  the  planer.  In  this  way  the  land  may  lie  mote  cheaply  prepared 
than  by  the  use  of  the  railroad  iron  and  scraper. 

THE  "A"  CKOWDEB. 

>     There  are  several  devices  in  use  for  making  hoi-ders  or  levees — the 

scraper,  tin'  winjr  plow,  and  tlie  A  crowth-r.  each  liavinfr  particular 
merit.     The  .scraper,  while  athnirably  adapted  for  moving  earth  short 
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Histmicos  or  itt  sliijiit  elcviition,  ilocs  nut  have  a  fuiitiniioiis  proi-oss. 
liesides,  it  lift>  the  dirt,  wLori  (.'towilidg  or  sliovt'liii<,'  woiilii  sifcom- 
plish  tlje  .same  ri'siiit  mon-  cconomifiilly.  The  wiii}^  plirw  takes  ttdvim- 
tiiiri"  of  fiiis  |)riiii>i[)li'.  iTiiwdiiiy;  tlu-  <lirt  iiy  iiipans  of  ii  lniiijiiii)l<lt(oanl. 
For  >mall  lionlcis  tlw  \\'m<f  plow  iifcoiiiplislics  the  sumo  n'siilt.<  ii.s  the 
scmpiM'  more  cheaply  and  <)iiite  as  satisfactorily.  Althoujrh  the  wins' 
plow  has  the  luiviintajro  of  conliiiuoHs  prufoss,  there  is  a  coiisi(l(>ra)>lo 
loss  of  poWL-r  by  tlii'  iircssurt'  agaitist  tin"  land  siilc  to  ovcri'oini'  the 
pressure  of  the  moldhoard.  There  is  the  additional  olijivtion  that 
the  wiiijj.  plow  tnaki's  a  liordei'  whirh  is  tuo  sharp  uiid  ulMiipt  to 
travel  over  with  machinery,  'i'he  A  er))wder  gives  a  coiitiHiuiiis  proc- 
ess, utilizes  a  portion  of  the  (wwer  lost  with  the  win<(  plow  liy  riui!- 
peMsatiiijr  jiressiire  fioiti  eitliei'  side,  and  at  the  same  limi'  makes  u 
more  desirable  b<irtler.  The  crowder  is  inadi'  by  placiiijif  '2  by  Hi  inch 
timbers  on  edge  with  12.a  feet  between  them  at  the  front  and  3.5  feet 
lK<tween  them  at  the  ri'ar.  This  implement  drtiws  the  dirt  in  from 
llie  strip  liJ.f)  feet  wide  and  leaves  it  in  a  ridge  behitnl.  On  eiudi  side 
are  three  rows  of  vertical  4  liy  4  inch  timbers  4  feet  long,  to  wliieh 
the  cross  and  angle  braces  are  iiidted,  giving  the  strength  necessary 
to  overcome  the  heaxy  side  draft  in  crowding  the  earth.  Steel  plates 
f  by  (i  iuches  line  the  inside  alnng  tin'  ixittnm  from  end  to  end,  to 
n'sist  the  wear  from  constant  rnbliing.  At  the  rear  is  a  i*n-foot 
extension  '2J>  feet  wide  attached  to  and  working  as  a  hinge  on  the 
rear  of  the  crowder  and  governed  by  a  lev(n-.  By  raising  and  lower- 
ing this  lever  the  top  of  the  border  nniy  be  made  >m(jnth  and  com- 
jmct.  On  the  front  of  tin-  crowder  ari'  bolted  stont  wear  iri>n>,  to 
which  14  to  Hi  horses  are  hitched.  The  ilriver  rides  on  the  front. 
A  strip  of  earth  along  the  line  of  the  i>r<>i)osed  levee  is  plowed  and. 
the  o'owder  fiillowitig  makes  a  medium  border  by  going  over  once. 
If  a  more  comiwct  levee  is  wanted  the  process  is  repeated.  Hy  rais- 
ing the  chaifrs  on  the  frmit  to  which  the  Imrses  are  !iit(died  t\n\  height 
of  the  levee  may  be  further  increased.  It  is  usually  about  :;..")  feet 
wide  on  the  top  and  LS  inches  high,  with  a  slope  of  '2  U>  I.  A  single 
plow  in  one  cnt  tills  the  furrow  on  either  side.  A  plat  of  l.'iO  atrrcs 
was  provided  vvitti  borders  1<MI  feet  ajiart  in  a  day.  For  the  con- 
struction of  temporary  borders  the  chain  on  the  side  which  is  to  b<> 
the  inside  of  the  levee  is  fastenei!  !:i  inches  from  the  bottom,  and  on 
the  other  side  oidy  li  inches  from  the  bottom.  The  nuichiin>  has  its 
greatest  u.sefnlness  on  long,  straight  bordei-s  such  as  are  ciistiniiary  in 
Imperial  ^'alley,  where  the  grade  is  ri'gular  and  gradual.  Th(>  lines 
for  the  boi'di'rs  are  usually  laid  <nit  with  a  sui'\eyoi-'s  instrimieiit. 

THE  USE  OF  THE  SCRAPEK  IN  KAKING  LATERALS. 

In  California  the  .scrajx-r  is  u.sed  almost  exchisi\  ely  iti  canal  work, 
and  the  u.sefnlness  of  this  implenn-nt  i>  widi  demonstrated  by  the  fact 
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tl)iit  whrrc  it  i-i  prdjicrly  Imiullcd  it  will  nin\i'  tin-  iU(»^t  (lift  for 
li'u^t  jiiiKimit  (if  iiiuiK'y  nmi  iil  tin-  sjtiiu'  linn"  lL'a\e  ii  cliaiiarl  <»t"  llii'  ticst 
form.  Fur  tlu'  use  of  iteffinner.s  and  those  not  fatniliur  with  tlif  use 
of  tlii^  irii|)ii'iiiiut  the  fiilKiwinjr  dosiTiptinii  of  the  nit'tliod  n(  coiisirm't- 
iiiuf  u  >uiiill  lateral  is  Ihm'c  inserti'il.  'I'iie  l)it<'ral  (Icscrihcil  is  one 
wliicli  was  ()liscr\fd  in  tin*  pi'ui'c.ss  of  actual  ronstrucliou  in  Imin-rial 
Valley. 

The  liiud  on  llir  plarc  under  cousideratioii  is  a  tiiif  sniidy  loatu  «illi 
a  .small  amount  of  ida\  arrd  a  surfui-c  slope  of  3  to  4  feet  per  mile. 
'I"he  ditch,  wliea  iinislied,  is  lo  lie  <>  feet  wide  on  the  tiutttitn  and  14 
feet  wide  on  tlie  lr>p,  witit  liuidis  l..">  feet  alK)\e  the  ground  surfare 
and  diteli  fioltom  <•  inches  liclow  I  he  lr\el  of  the  jrrouud.  The  l>ank> 
are  to  he  i'  feet  wide  on  top.  with  inside  slope  of  li  feet  liorizoiital  (n  1 
fool  vertical  and  otit--ide  slope  of  1  foot  iiurizontal  to  1  vertical.  In 
makintf  the  lateral  the  lirst  thing  to  do  is  to  lay  out  its  position,  wliieli 
ill  lujperiid  Valley  i.s  done  hy  di\idiiig  llie  land  into  st|UHres  pai'allei 
to  section  lines.  A  stri])  (!  feet  witle  is  then  plowed  throughout  the 
length  of  the  lateral,  which  is  to  he  the  liottom.  Kight  feet  on  eitlier 
.side  of  this  strip  are  plowed  two  other  tl-foot  .sei'tions  wliich  are  to 
supply  eartli  for  the  hanks. 

Now  the  scraper  is  brought  into  .service.  First  a  load  is  taken  fj'om 
the  side  section  am!  liauled  till  (hiniped  for  hank.  Tlietv,  while  driving 
ill  the  same  direction,  a  load  is  taken  froui  the  miihlle  section  and 
dumped  as  a  iM'gimiingof  the  ctpjiosite  hank.  The  team  is  then  turned 
and  the  jtroeess  repeati-d.  hut  from  the  opposite  diieetion.  and  this 
working  )iack  und  forth  is  eoiitiiiiied  until  llii'  emhaiiknicnts  liave  the 
desired  height,  wilh  all  of  the  loose  earth  removed  from  the  middle. 
In  this  way  the  ti'ain  is  kept  almost  eoiislaiitly  in  useful  work  instead 
of  spending  a  large  pjtrt  of  the  time  walking  hack  with  an  enijity 
.scraper  foi'  another  load.  If  the  sera]ier  is  skillfully  managed  the 
eiiihankment  will  he  jicrfeetly  regular  and  the  jflowed  earth  will  all 
lie  removed  from  the  siiles  and  center.  Ry  dragging  a  V  un  either 
.side  of  the  hanks  auv  irregularities  mav  lie  leveled. 


THE  USE  OF  WATER. 


At  the  time  uf  this  investigation  the  conditions  were  not  auspicious 
for  a  study  of  the  u.ie  of  water.  The  country  wa.s  new  and  only  a 
small  piM'tion  of  the  land  was  under  irrigation.  The  \vat<'r  first  ran  in 
the  laterals  in  June,  IWno,  and  beftuv  this  time  both  water  and  feed 
had  to  he  hauled  for  lung  distances.  Since  the  introduction  of  water, 
piMtgress  aii<l  immigration  havi'  lieen  very  rapid. 

An  ohser\ation  of  the  growth  of  crops  was  made  on  the  ranch  of 
the  CalexicoCattle  Company,  .situated  1.')  miles  northeast  of  C'alexico, 
on  sections  4  and  U.     The  soil  on   the  i-ancli  is  a  dei'p  loam  or  <'lay  of 
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great  fortilit.v  and  shows  no  apjwarniicc  of  olijcctiouablo  salts.     Most          ^| 
of  tilt'  soil  has  iiu  ji;rit,  wiiirh  siijrjji'si.s  that  tin-  soil  [miticlcs are  cxoi-ocl-         ^M 
ingly  fine.     I'ho  water  supply  is  Imd  from  Birch  lateral.     It  was  found         ^M 
ini)Xissil)lo  lit  tins  tinu-  to  fletcnnitie  the  aiiunuit  of  wuti-r  necessary         ^M 
for  the  various  crops,  but  ohservatiims  show  that  the  very  fei'tile  soil          H 
eonibined  with   the  wanii  days  and  mild  nights  made  the  summer          H 
growth  nipid  ami  luxuriant.    The  tine  texture  of  the  soil.  causiu><'  per-          H 
eolation  to  he  slow,  I'omtjincd  with   the  ext'essive  evaiM)ration.  makes          ^M 
it  necessary  to  apply  water  frequently,  hut  in  small  amount.     Any         H 
excess  on  the  surface  heeanie  st»  wai-m  as  to  destroy  vegetatifni.                     ^M 
The  folhivving  talde  gives  data  as  to  the  irrigation  of  crops  uu  this    ^^^B 
ranch  ami  notes  as  to  their  cmidition:                                                            ^^^H 

Crop  data  for  rtmcJi  of  Oaiexico  (itttle  Chmpany.                                          ^H 

Z'. 

Niinil>er 

of  Irrlgn- 

tloiu. 

^^^m 
^^^H 

i    Mllomitlte 

a    Miiifi 

6 
6 

4 

5 

4 
5 

6 
5 

4 

3 

4 

5 
!• 
fi 

i 

0 

e 

3 

7  rest  high;  heavy  utalk  and  head. 

4  feel  high;  heavy  h»y.  KivinK  1  lonn  per  ain.-. 

Exim  heuvy  ctaiid.  yielding  1  !»  Ion-  per  iicre.  nnd  tnrnKc  ("r 

r-ullle;  NAiidy  siiil. 
One  iTup  o(  hay,  2  tons  jK^r  uere;  iiaed  lor  jmi^ture  the  rewt  ol  the 

time;  ihiekened  timrh. 
4  feel  high  nnd  fairly  grjod  head;  not  very  ftiieees!*!!!!. 
7  feet  hitch  and  (fmxl  luniKe  enjp;  eiilen  in  prelerenee  lu  com  l>y 

eatlle. 
C  feel  hish  wllh  lar^e  headu;  wmiid  run  ahoni  l,S  tonii  per  iicre. 
Belter  stand  than  other;  d  feet  hinh  witli  gotMl  headland  well- 

lilled  ^Tain. 
4  ffH-'l    high  hIU)    heavy  head  and  k>nkI  (or  f^eefl  or  hay;  eaten 

clean  hvcalile. 
Three  fiiil-gmwn  crofot,  &  feet  high,  all  frnixed  hy  cattle;  old 

liorKhum  «tiil)ble. 
Part  wa'i  old  RluhhU-  frttni  year  Iteiore  and  part  resown;  Ijelter 

than  year  previfiu",  which  ran  l.i'i  mns  |wr  acre. 
AveniKC  yiehl  of  6  feel;  rikmI  »tHud  fon-altle  feiilloK;  all  grnjied 

liycalife. 
Planted  middle  of  July.  \shi(-h  wa<«  Iin>  laie  for  Mime,  but  made  n 

go<jd  forage  crop  for  cattle,  and  wai*  about  4  feel  high. 
Stiwn  early  un<l  was  the  heavier!  crop  on  tlie  ranch,  or  In  the 

vicinilv;   ran  'J  tons  per  acre,  and  the  »lalks  led  for  forage; 

well  filled, 
.Sown  Atign.<;t  1;  too  late;  ilid  not  luyid  much,  but  nnide  fairfora^: 
•  helBht,  1  feet;  not  lime  l<i  mature. 
Ucignl  10  to  }2  feel;  no  way  to  average  the  tonnage,  as  ll  was  fe*l 

to  caitli-,  tint  WAS  heavy. 
7  feel  high;  Hi  lon«  of  •.talk  per  acre. 
Now  luiK  height  ,<f  2U  iiiche;*  and  a  ?^tand  which  will  mn  about  4 

3 

4 

Egyptiiinrorn.... 
.MfHlfH 

6 
7 

H 

)U 

11 

n 

13 
U 
15 

IK 

17 

1» 
1> 

30 
31 

K*flr  cnm 

Sttiytium 

Kgyptlau  corn 

Kaflrcorn 

Millet 

EKypliaii  com 

Hllunii>ln> 

Egyptian  core.... 

Enyptinnt-oniHiul 

siintliuiii. 
Miltt  uuiisv 

Biirvhiim    

Barley 

li^'ptiiiii  ciini  — 
Mlllel 

3 

Ion*"  per  a<'re  when  cm  for  hay. 

Good  Kland  ot  grain  (or  late  wiw'ing  and  (or  the  amount  of  Irriga- 
tion given;  ll  1«  Ihe  only  (ully  matured  cnip  made  on  thrcp 
irrigationM. 

Not  a  ;«uccc«»  on  acf*ounl  of  too  late  Mowing,  and  the  water  being 

allowed  tostiiid  on  the  ground  ai.cr  the  fl»t  irrigation. 

It  wart  observed  that  crops  reijuire  less  water  the  second  year  than          H 
the  Hist.     Most  crops  were  irrigated  six  times.     In  but  one  ease  was          ^ 
a  crop  matured  with  three  irrigations. 

■                                            AQUATIC  VEGETATION. 

The  canals  and  laterals  in  Impcriul  Valley,  especially  those  of  least 
grade,  are  subject  to  clogging  by  the  aipiatic  growth  that  thi'ive.s  with 
considerable  luxuriance  in  the  hot  climate  of  the  valley.     Among  the 
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wi'tnls,  cat-tail  {Ti/pha  in/ i fa/ in),  often  railed  tiili',  is  liy  fuv  the  mo-st 
troublesome  in  this  locality.  It  limls  uti  idcul  hulntat  in  the  slow- 
flowing,  silt-laden  waters  of  the  Coloradu,  and  ha>  Uomi  found  to 
almost  coniplftely  elo^r  iiml  choki-  a  lateral  in  two  yeiirs.  The  only 
method  vet  devisetl  of  idrarinjj  channels  in  such  a  condition  is  to  stop 
the  flow,  and  while  the  diUdi  hottoui  is  still  wet  dig  the  cat-tails  out 
with  sharp  shovels.  A  less  expensixe  way  where  jiraetical  is  to  turn 
out  the  water,  and  when  the  ditch  is  dry  enout^h  mow  and  remove  the 

■  tales  and  plow  and  scnipe  out  the  roots,  and  with  them  the  collected 
silt.  Another  method  of  reinoviirff  weeds  is  dratrtrii'K  a  heavy  chain 
up  the  channel,  a  team  hitehed  to  eacli  en<l.     'I'lie  weeds,  already  hent 

■  downstream  hy  the  flow,  are  lirokeu  otT  near  the  roots  and,  floating 
«lown,  are  diiigged  out  with  grapplinj^  hooks  as  they  collect  in  the 
drops  helow  or  in  the  small  laterals.  Care  nmst  he  taken  that  the 
drops  are  kept  clear  to  avoid  haekiny;  up  of  the  water,  causing  breaks 
in  the  ditch  Inuiks.  In  some  |iarlsof  Itn|M'r!;d  Valley  the  weeds  on  tht; 
banks  are  more  ti'tiiihle  than  those  in  the  slreaius.  If  the  imnks  are 
smooth  and  regular,  the  weeds  can  be  nrowed.  This  is  necestsary  two 
or  three  times  a  season. 

The  Users  of  water  on  the  Uireh  lateral  have  organized  the  Birch 
Ditch  ( 'onipaiiy  for  the  purpose  of  keeping  the  lateral  free  from  vege- 
tation. The  coiupany  has  issued  one  share  of  stoek  for  every  acre  of 
land,  which  is  assessed  ijuarterly  for  an  amount  suHicient  to  meet  the 
exjwnse  incurn'tl.  The  board  of  lliree  directors,  elected  annually, 
elect  a  <-hairmun  and  meet  (]narterly.  at  which  time  the  tlitt-h  must  be 
free  of  weeds,  each  director  having  in  charge  t)tu'-third  the  length. 
The  ditch  must  be  freed  from  sand  bars,  willows,  tules,  and  arrow- 
weed  for  a  distaiUM'  of  Id  feet  on  either  side  from  the  base  of  the  levee. 
The  direetors  ace  paid  for  the  time  they  are  actually  engaged  in  super- 
intending the  work.  The  constitution  states  that  "the  ditch  shall  be 
cleaned  and  kept  clean," 


MFXHANICAL  TESTS  OF  PUMPS  AND  PinfPIXG  PLANTS  USED 

FOR  IRRIGATION. 

By  J.  N.  Lk  C'o.vte, 
AuiMant  Profatur  of  Meclmnintl  EnifinftTin;),  I  'iiiveriity  of  California. 

IHTRODUCTORY. 

During' the  past  year  the  division  of  irrifjjation  iuid  tlraiim^'P  inves- 
tijfations  of  the  Office  of  Kx|HM'iiH('iit  Stations,  I'liited  States  Hcjwrt- 
ment  of  Ajfriculture,  hns  lieen  eiij^iijjed  in  <'oni'ctinfj  data  for  the  use 
of  the  irri2:ator  on  the  sul)jeet  of  the  eost  of  puiiijiiiiir  water  for  irrijjji- 
tioM.  Tlic  work  has  eonsistcd  of  th<'  collection  td'  data,  first,  thmufrh 
the  niediiiin  of  the  mails;  second.  thr<ui«rh  actual  niechardcal  tests  of 
puaipiiiij;  phmts  in  operation,  and.  third.  throu;,di  hilHX-.itory  tests  <if 
several  h^udintr  types  of  putnps. 

Of  these  three  jreoeral  sources  of  inforuintion  the  secon<l  is  the  one 
jirincipjilly  to  lie  depended  on  for  the  eost  of  j«»wer.  and  the  first, 
toj^etluM"  with  general  inforniation'oii  the  market  value  of  macliinery, 
for  the  cost  of  installation.  In  every  case  it  has  been  the  aim  In  select 
fairly  representative  plants  and  t«  lieterniine  the  cost  of  the  installa- 
tion.s  couiplete,  then  to  measure  thp  <|uantity  of  wiiter  pumped  per 
l>our,'the  actual  lieiirbt  tlirouirh  which  this  water  is  lifted,  and  the 
cost  for  the  fuel  or  other  source  of  power  necessary  to  accomplish 
this.  Other  exjienses,  such  as  fixed  charjres.  wear,  repairs,  and  those 
due  to  carelessness  and  ii^norance.  ha\  e  not  heen  estimated. 

The  I'ollectint;  of  data  thr<juyh  the  medium  of  the  mails  aii<l  the 
iictual  work  in  the  held  has  heen  carried  on  liy  .Mr.  .\.  .1.  Turner, 
formerly  agent  an<l  expert  of  this  ( )fttce.  In  part  of  tliis  work  he  has 
l>c(!n  assisted  hy  Mr.  .lames  Sirachaii.  The  lahonitory  tests  of  pump- 
ing nm<'hinery  and  ihi'  final  collectuigof  residts  have  heen  made  hy  the 
writer.  The  work  so  far  ai'ci)m|)lishcd  consists  of  the  colleetion  of 
data  on  something  like  .")1K)  punipuig  plants  scattered  over  the  State  of 
California.  The  returns  fmm  some  of  these  are  coiiipleti'.  from  others 
but  fragmentary;  Init  the  whole,  arranged  in  the  form  of  a  cai'd  index, 
liave  been  of  great  sci\ici'.  The  work  consists  also  of  mechanical  tests* 
on  19  plants  situated  m  the  Santa  Clara  Valley,  in  the  San  .loaipiin 
Valley,  and  in  southern  California  near  Riverside.  .Vmong  these  19 
plants  are  included  ^ome  operated  hy  giLsoline  engines,  electric  motors, 
and  steam  engines,  and  some  using   both   centrifugal   and   plunger 
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pump-s.  IjalK)ratory  tests  have  been  made  to  determine  the  exact  effi- 
ciency, for  various  speeds  and  heads,  of  three  of  the  more  prominent 
makes  of  centrifufjals  and  of  one  make  of  reoiproeating  pump. 

FIELD  TESTS. 
WOBK  PSEPABATOBY  TO  THE  TESTS. 

Before  enteriiifj  the  held  for  the  purpose  of  testing  plants  much 
preliminarv  work  was  necessary,  which  caused  considerable  delay. 
ApfMiratus  had  first  to  l)e  purcliased  and  constructed.  In  reganl  to 
tlie  first  item,  tlie  purcliase  of  the  following  apparatus  was  allowed: 
Two  steam-engine  indicators  with  attachments  for  indicating  gas 
engines  and  with  reducing  motion  complete,  2  indicating  wattmeters 
with  a  range  from  zero  to  1.5  kilowatts  at  300  volts,  1  alternating 
current  voltmeter,  one  <i(i-pound  pressure  gauge.  1  vacuum  gauge,  one 
7.">-foot  t»\)e,  1  speed  counter,  1  level,  and  2  hydrometers. 

These  instruments,  where  necessary,  were  calibrated.  For  example, 
the  springs  of  the  indicators  were  tested  on  the  gauge-testing  appara- 
tus of  the  mechanical  lalK)i'iitory  at  Herkeiey,  and  were  found  to  l»e  cor- 
rect within  th(^  necessary  limit  of  (>rror.  The  gauges  were  similarh* 
tested  and  a  scale  of  corrections  applied  where  needed.  In  order  to 
be  certain  that  their  constants  did  not  change,  they  were  frequently- 
checked  against  standard  test  gauges.  The  wattmeters  are,  for  our 
purposes  at  lea.st.  .■^talulard.  and  no  calil>rati<)n  of  the.se  is  neces.sary. 

To  aid  in  the  measurement  of  water  in  locaiitii's  where  it  was  diffi- 
cult to  install  a  p»>rnianent  weir  a  p()rtal)le  weir  box  has  l)een  con- 
stniitcd.  This  consists  of  an  oiled  canvas  box  t>  feet  wide,  10  feet 
long,  and  -2  feet  dec]),  surrounded  with  a  rim  of  iron  pipe.  A  3foot 
rectangular  weir  is  inserted  in  one  end.  and  l>artle  ])lates  arranged  to 
still  tli<'  water.  Tli(>  whole  can  lie  folded  up  in  a  form  convenient  for 
transportation. 

METHODS  PUBSUED. 

Ill  making  a  niechaiiical  test  of  a  punij)ing  plant  of  the  ordinary' 
type  tiiere  are  neee>sary  to  lie  known  all  of  llie  following  (|uantities: 
(1)  The  power  developed  wiliiin  liie  engine  or  motor:  ('I)  the  amount  • 
of  fuel  or  electrical  energy  iwed  in  maintaining  this  powi'r  for  a  given 
length  of  linn',  and.  in  the  case  of  the  steam  engine,  liie  amount  of 
water  evaporatcfl  in  the  boiler;  {'A)  tiie  market  value  of  fuel  or  elec- 
trical energy:  (4)  the  gauge  bead  against  whirl)  the  pump  operates;  (5) 
the  total  measured  lift  of  the  pump:  and  (t>)  the  volume  of  water  pumped 
j>er  minute  or  hour.  The  first  of  these  is  measured  by  the  indicator 
in  ca>e  the  jiower  is  obtained  from  an  engine,  or  by  one  or  two  watt- 
meters wiiere  the  power  is  electrical.  For  a  steam  (Migine  of  ordinary 
dimensions  and  for  some  kinds  of  gasoline  engines  the  indicator  gives 
«juite  accurate  re>uits   -tjuite  as  close  as  a  weir  is  for  the  measurement 
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nf  water.  For  otiu'r  kitnl-^  nf  jrasolim*  oiiifinrs  tlie  ri'siiUs  iiri*  far 
from  being  good.  Fortiiimtely,  however,  llie  reddiiig  <*(  the  itidieutor 
utfeets  in  no  way  the  dnal  nieajsureraent  of  the  eostof  pumping,  though 
its  indieations  lire  important  in  showing  wliei-e  the  h).sses  ocenr.  The 
wattmeter  is  a  far  iimre  precise  instrument  than  the  infiieator  when 
used  witli  an  oil  engine.  The  amount  <jf  oil  used  hy  an  engine  was 
generally  measured  as  follows:  The  position  of  the  surfaee  of  tin-  oil 
in  the  supply  tank  was  noU'd  at  llie  Iteginning  of  the  test.  After  the 
testa  weighed  quantity  f>f  oil  of  the  same  kind  wius  poured  into  the 
tank  until  the  surface  was  hrouglit  hack  to  the  same  position.  The 
amount  remaining  was  weiglied,  and  this  suittraeted  from  the  original 
amount  is  the  weiglit  used  by  the  engine.  The  density  of  the  oil  being 
taken  with  the  liydrnmeter.  the  xolumcean  he  eoiuputed.  In  the  case 
of  hirger  ipiantities  of  erude  oil  used  in  steam  plants  the  \olunn'  was 
convputed  from  the  dimensions  of  the  oil  tank,  and  the  fall  in  surface 
level, or  by  actual  weight,  atxl  the  same  method  is  pursued  to  measure 
the  water  evaporated  by  a  boiler.  The  gauge  head  pumped  against  was 
measured  by  the  two  gauges  inserted  at  right  angles  to  the  inlet  and 
outlet  pipes  of  the  pumps,  dui>  allowance  being  made  for  theic  differ- 
ence in  level.  In  certain  ca^es  where  it  was  irot  possible  to  attach  a 
pressure  gauge,  the  gauge  head  alnive  the  pump  had  to  be  estimated 
from  the  measured  lift.  In  a  few  I'uses  whei-e  it  was  nut  jMissilile  to 
measure  the  suction  lift,  it  had  to  be  estimated  from  tlie  vacumn-gauge 
readings.  In  regard  to  these  two,  the  measured  lift  is  of  more  intpor- 
taiice.  fi'om  our  standpoint,  than  the  guuge  head,  and  similarly  the  oil 
used  per  hour  is  of  more  value  than  the  indicated  horsepower.  If  we 
have  the  quantity  of  fuel  or  electrical  energy  used,  the  measured  lift, 
and  the  quantity  of  water  pumped  per  minute,  the  most  imjujrtant 
part  of  our  test  is  complete.  All  other  measurements  are  intermediate 
and  serve  to  show  the  point.s  at  which  power  is  lost  in  the  system. 
Finally,  the  discharge  fi'nm  the  pump  lias  ineveiT  test  been  measured 
with  a  weir.  In  most  ca^^es  permanent  weirs  were  placed  by  th<'  par- 
ties owning  the  plants*,  so  as  to  be  used  in  the  future  for  a  continuous 
recoi'd.  In  some  instances  very  good  weirs  were  found  already 
installed,  and  in  others  the  portable  weii'  box  was  use<l.  The  ilepths 
on  the  weirs  were  measured  to  within  une-sixteentli  of  im  incli  only, 
further  refinement  not  Iteing  cotisidere<l  la-cessary. 

It  nmst  not  be  supjxised  that  these  tests  areof  the  highest  degree  of 
aci'umcy.  The  main  object  was  to  determine,  among  conditions  which 
varied  to  some  extent,  the  cost  of  pumping  *valer  on  n  small  .scale,  and 
a  wide  lieid  had  to  be  covered  in  a  short  time. 

Difficulties  were  encountered  in  making  the.se  tests,  which  cau.sed 
nmch  lo.ss  of  time.  .Many  excellent  [dants  could  nt)t  be  tested  owing 
to  interference  with  irrigation  in  progres.s.  .\lloil  and  steam  engines 
are  not  fitted  with  indicator  attachments,  without  which  a  complete 
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test  is  not  posiiltlo.  Mmiy  jiumps  have  no  provision  for  attat-hing 
gauges,  and  often  ii  pliityt  I'uti  not  he  sliiil  (i<jwn  to  iiuiki'  cluuigt's,  or  iho 
owner  is  not williaj;  ttiat  sucli  changes  \)o  made.  Voltagt'.s  on  clertric 
motors  vary  widely,  and  niilt'ss  witliiri  thi'  I'aiigo  oi  our  watttnotiTs 
transfornii'rs  lin\'f  to  Uv.  itiscrtw),  and  tliosf  arc  i)<)t  always  olitainablo. 
In  some  instances  after  inserting  the  wattnieters  llie  power  was  found 
t<j  he  l>eyond  the  range  of  one  of  tlieni.  At  one  plaee  ehiborate  jjrep- 
aratioMs,  occupying  sevenil  days,  wi'ri'  made  fur  testing  ii  certain  large 
plant,  Imt  the  test  had  to  t>e  abandoned  through  changes  in  the  plana 
of  the  owners.  From  th\^  it  is  seen  that  every  plant  is  not  in  a  posi- 
tion to  he  tested,  In  fact,  it  has  reijuired  much  looking  ahout  among 
many  installations  anci  over  a  wide  area  to  find  these  11>  plants  where 
nearly  all  reijuired  conditions  could  he  fulfilled. 

DESCRIPTION   OF   PLANTS   AND   RESULTS   OF  TESTS. 

In  tbc  tabulated  results,  which  are  described  lielow,  the  following 
terms  and  qiiuiitities  are  us<'d: 

The  speed  of  the  engine  arul  pump  is  tiikea  in  revolutions  per  minute. 
■  The  pressure  gauge  is  read  in  pounds  per  square  inch. 

The  vacuum  gauge  is  read  in  inches  of  nu'rcnrv. 

The  discharge,  suction,  and  total  gauge  heads  are  read  in  feet. 

The  weir  is  read  in  inches,  except  where  the  poitable  weir  liox  is 
used,  and  there  it  is  read  in  feet.  The  discluirge  of  the  weir  is  read 
in  gallons  |)er  minute,  the  foot-gallon  heing  eijual  to  2',il.  cubic  inches 
and  weighing  a!>out  S.'Mi  pounds. 

Ry  hydraulic  horsepower  is  meant, 

iiiill(iii!i  per  niitml**  X  total  nuiiire  lieail  X  B'2.5  _  gallona  per  minute  X  h 
44S   .   h^i  '  3,342 

The  area  of  tlie  indicator  canl  is  taken  in  square  inches,  and  its 
length  in  inches. 

Uy  the  nimiher  of  the  indicator  spring  is  meant  that  pressure  per 
square  incli  which  will  move  the  j>encil  I  inch  on  the  paper. 

The  mean  etTective  pressure  is  taken  in  pounds  per  square  inch. 

'I'lic  indiciited  horse|iower  is  the  power  developed  within  the  engiia^ 
cylinder. 

The  foot-gallon  is  the  amount  of  work  required  to  raise  a  gallon  of 
water  1  foot  high.  It  is  ojual  to  .s..Hl)  foot-pounds.  A  foot-acre-foot 
is  the  amount  of  work  re([uired  to  raise  an  acre-foot  of  water  1  foot. 
It  is  e(|ual  to  •J.Tl'i.OOd  foot-jyoimds. 

The  scale  for  the  density  of  oils  is  the  ordinary  l$aume  scale. 

.V  kilowatt  hour  is  the  amount  of  electrical  energy  used  in  one  hour 
when  (lowing  iit  the  rate  of  1,(HK>  watts. 

If  these  definitiiHis  are  liorne  in  mind  the  following  description  of 
the  tests  will  he  easih  understood. 
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PLANTS   iraiNtJ    0A8OLINK   OR   OIL   ENGINES. 

Maitt  Xo.  1. — The  {jliint  owned  by  Mrs.  S.  L.  Wiiiclicster,  Uiciitt-d 


iH'iir  Ciunpltoll  in  the  Ssmta  t'larii  \'iillov,  consists  of  ii  3.">-horsi'|)o\vcr 

j^iisoline  (.'nfjiiif,   ii   Xo.    5   sinifif-nmncr   vt'rticiii    centrifu'j^il    i)uni|j. 

The  engine  ovlinder  is  1-2  hy  20  inches;  .speed,  210  ii'vuhitioiis  per 

Miiniitc:  pullny.  "ti  l>y    14    iru-hes;  heU,  \-l  iiK-lios.     The  stution  and 

di.sK'harj^e  openiiijf.-  of  tiie  ptirnii  aie  .")  inehes  in  diunieter.  the  diseharyc 

pipe  8  ineh<>s  in  diameter  frotn  pump  to  floor  level,  erdarging  there  to 

{"2  inehes  in  the  horizoritiil  lead   lo 

the  weir  1h>x.    There  are  two  (1-ineh 

.HUction  pipes  as  shown  in  lijrure  7. 

The    pump    is    diiret     helled    witll 

<liiurte|--tnrn    i»elt    to    the    enifine, 

28  feet  3  inehes  lietween  eeuters. 

The  dischai'ife  was  nieivsiired  oxer 

a  3-foot  reetiingiiljir  weir,  in  |)ott- 

able  weir  Ikjx.     Static  head  above 

(tiirjip  is  (Ki  feel   (ineasiu'ed);    statie 

head  below  pump!*  feet  (estimated); 

total  mean  lift,  (i9  feet. 

This  plant  is  a  tvjv'  of  thi'  great 
majority  of  pumping  instullatiiin> 
used  in  this  (list  rift,  where  thegjiso- 
line  engine  is  the  soui'ee  of  jiower. 
Its  genend  arrangement  is  shown 
ill  sketch  (tig,  7).  In  these  jdnnts 
the  pumj)  is  located  at  the  bottom 
of  a  rectangular  pit,  who>e  depth 
is  dependent  on  thi'  ]>lane  of  the 
ground  water,  and  from  which  the 
wells,  usually  from  I  to  <i  in  nmn- 
ber,  are  .sunk.  These  wells  are 
usuiilly  from  loo  to  '_'5U  feet  in 
depth,  and  cased  with  perforated 
CHiiing.  The  suction  pipe-,  are  alraiit  -tM  feet  htng,  and  should  be 
considerably  larger  than  the  (ninip  iidet.  The  check  vahe  is  jiliiced 
inuncdiatcly  above  the  diseharge  opening,  and  the  <lischarge  pi|H> 
increased  from  one  and  one-half  to  twice  the  diameti*r  of  the  opeiung. 
The  shaft  is  \ertieal  and  supported  at  intervals  by  bearings.  The 
engine  is  belted  with  a  single  qiiarti-r-turn  belt,  which  is  the  best 
possible  arrangement  under  the  cireumstances.  The  general  arrange- 
ment of  machinery  here  shown  is  perhaps  the  best,  where  the  vertical 
centrifugal  [nunp  is  used,  and  providing  tlu'  pump  is  running  at  its 
proper  speed  good  ettii  lency  may  be  exiK-cted. 


Flu. 
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The  results  of  the  test  of  this  plant  are  given  in  the  following  tabic 
TaU  i/f  yilnnt  So.  I,  owtud  liy  Mm.  S.  L.  WiitchciiUr,  March  16,  ja04. 


n 


Time. 

RevoludoiiR 
per  minute. 

I'haize 
head. 

Suetion 
head. 

Total 
brad. 

Onllon.'i 
per 
min- 
ute. 

Hy- 

ilmiillr 
horse- 
power. 

Mean 

elTei'tlve 
prcwure, 
Nu.  120 
«pring. 

Explo- 
•iiius  per 
minute. 

Indi- 
ra ted 

En- 
gine. 

Pump. 

horw- 
power. 

lO.W 

210 
212 
210 
210 

216 
216 
216 
216 
216 
21« 
216 
216 
216 
216 

700 
780 
Til 

ra 

726 
727 
727 
727 
725 
725 
727 
TH 
780 
724 

63.1 
63.1 
83.1 
63.1 

63.1 
63.1 
63.1 
63.1 
63. 1 
63.1 
63.1 
63.1 
63.1 
l-Al 

fWI. 
12.8 
12.8 
13 
13.1 

13.1 
1S.S 
18.5 
13.6 
18.7 
13.6 
13.6 
13.6 
18.7 
13.7 

75.9 
76,9 
78.1 
76.2 

7B,2 
76.6 
76.6 
76.7 
76.8 
76.6 
76.7 
76.7 
76.8 
76.8 

9«0 

g«o 

984 

Sttt) 

984 
988 
988 
969 
980 
980 
975 
975 
975 
976 

18.8 
18.8 
19 
19 

18.9 

19.1 

19.1 

17.3 

19 

19 

19 

19 

18.9 

18.9 

Fnundo. 
82.8 
82.1 
62.4 
M.2 

57.9 

66.6 

69.3 

61.4 

65 

66.9 

84.8 

8&.B 

88.7 

66.8 

102 
106 
105 
104 

108 
107 
108 
103 
100 
102 
99 
100 
103 
104 

86.6 

1 1  .(lU 

37.3 

11.20 

87.4 

n.40 

38.2 

Shut  dowa. 
1  so 

86.7 

IJO 

34.5 

J.IO 

18.6 

2.80    

36.8 

2.60 

37.1 

3.10 

33.1 

3.30 

36.6 

SJO 

37.6 

4.J0 

11.5 

4.30 

39.6 

ATtr»g«.. 

214 

724 

63.1 

IS.  4 

78.  B 

980 

18.9 

61.8 

101 

88.57 

L 


The  conilMnccl  cffieipncv  of  enufine  iind  pump  was  51.7  per  coiit.  The 
oil  u.sed  was  -iH'  eiijjine  liistillate,  costing  11. Ti  cents  [ht  yiillon  at  the 
warehouse  or  12  cents  delivered;  density,  0,794;  total  oil  used,  149.5 

pounds   in  four  hours — 2ii.ti 

.. IF'  i- >j  jriillons  in  four  hi»urs,  or  5.65 

ifal!t>iis  per  hour  and  U.  155 
gallon  per  indicated  liorse- 
jmwer  liour.  .\t  1'2  cents 
per  gallon  the  cost  of  fuel 
is  67. s  cents  per  hour.  The 
total  mean  lift  of  the  pump 
heing  (ilt  feet,  and  the  ipian- 
tity  of  water  pumped  (rm- 
minute  heing  D.Sij  gallons. 
the  total  amount  pumped  per 
hour  is  58,!SllO  gallons;  and 
the  useful  work  done  in  an 
hour  'l:,05S,<l(MJ  footgal!on.s, 
at  a  cost  of  (i7.s  cents.  Hence 
the  co^t  per  l,0(i(),0(iO  foot- 
gallons  is  lfi.7  cents;  the  oil 
per  l.DiiO.WO  foot -gal  Ions  is 
l.:39  gallons;  thi.-  cost  per 
foot -acre-foot  is  5.i'2  cents;  and  the  oil  per  foot-acre- foot  is  0.45  gallon. 
A  plant  of  this  ty|)«;  ref|uire.s  little  expense  for  attendance,  the 
atteiulant  doing  other  work  most  of  the  time.  The  cost  of  the  in>tal- 
lation  (lf595)  is  .said  to  have  licen  1^3. 000. 

I'laiit  Xii.  ti.  —The  plant  uwned  (ly  .1.  C".  Lewi.s  is  located  at  Eden- 
vale,  in  the  Santa  Claia  Valley.     It  consists  of  a  :i 2- horsepower  gaso- 


Fic.  «.— I'lun  ol  pumping  plant  owned  t>y  J.  C.  Lewis. 
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linp  eng'ino  aiul  a  No.  5  single  runner  vprtii'iil  rpntiifiipul  pump. 
Tin.'  fugiuf  cylinder  i.s  11  hy  12  inclii's;  .spoed  :240  nnDiulions  per 
minute:  pulley  SI  hy  !»•  inclie.s.  and  belt  !^  in<'hes.  The  suction  imd 
di>cluirpe  fij^ening.-i  t>f  (be  fiuiiip  are  b  incht's;  dischurire  pipe  it  inches 
tliroityLiinit ;  t\V(i  .siu'tinti  pi|)es."»and  (>  inelu-.s  in  (lijimcter.  Tlie  pump 
\!i  direct  belted  with  <[uiirter-t«rti  lielf.  to  engine,  1!>  feet  8  inches 
between  eent^r».  The  wsiter  i.s  nieii.siired  oyer  a  2. ."••foot  CijKilletti  weir 
put  in  for  test  luul  left  in  pliiee.  Tiie  slutic  head  iiljove  pump  i.s  27 
feet  S  inches  (nieiisiired);  the  static  iieud  lieUnv  pump  is  3  feet  (esti. 
mated):  the  totii!  nicuu  lift.  ;il  feet.  This  plant  is  priu-tically  identical 
in  genenil  iirruni^emeiit  with  the  precedin<(;  one.  The  disfharjj^e  pipe 
emptic>  directly  into  the  fluuie  and  therefore  presents  no  sharp  turns 
to  obstruct  the  stream.  The  suction  head  is  reniarkaidv  low;  in  fact, 
the  pump  is  often  completely  submerged  when  not  in  u.se.  The  sketch 
(fig.  8)  shows  the  main  features. 
The  residt.s  of  the  test  are  given  in  the  following  Uible: 

TeM  o/planl  Xo.  t,  ovmfd  hy  J.  C.  Leicit,  April  iS,  1904. 


^ 


Time. 

RerolulionKper 
miniite. 

rhane 
beaS. 

Sncllon 
head. 

Total 
hend. 

UhIIoH!) 
per 
min- 
ute. 

Uy. 
draiillc 
horse- 
power. 

Mean 

i-fft'etive 

prwwure. 

No.  120 

•prinK. 

Enplo 
sinii).  [ler 
minute. 

Indl- 
cnicd 

En- 
glni'. 

Pump. 

hone- 
power. 

l.HO 

•;39 
■m 

23» 
288 
28« 
288 
238 
238 
238 
238 
238 

OHO 

690 
688 
680 
6«0 
090 
690 
690 
690 

28.3 
28.3 
28.3 
28.3 
28.3 
28.3 
28.3 
28.3 
28.3 
2a3 
28.3 

Frtl. 
5.1 
4.9 
4.9 
7 
7 
7 

7.2 
7.4 
7.4 
7.4 
7.4 

S3  4 
S3.'.> 
33.2 
35.3 
35.3 
35.3 
35.4 
35. 7 
36.7 
86.7 
85.7 

831 
816 
?J6 
796 
796 
79<i 
796 
796 
796 
796 
796 

Pmtmlt. 
88.5 
39.8 
39.8 
39.6 
38.8 
39.6 
.18.9 
.19 
88 
38.8 

.      38.8 

119.5 

119.5 

119.5 

119 

120 

119 

119 

119 

119 

119 

119 

13.2 

roo 

18.7 

1.W 

18.7 

«.«..- 

1,M 

13.6 
IS  4 

.1,16 

13  6 

a,  to 

13  3 

t.4$ 

13  4 

*.0B 

«.»...■. 

4.SQ 

13 

13.3 
13.3 

Average  ■ 

238.4  1       090 

28.3 

6.6 

34.9 

8U1     .7.009 

98.6 

119.2 

13.41 

The  combined  efficiency  of  engine  and  pump  is  ;V2.'i  per  cent.  The 
oil  u.sed  was  44  ■  engine  distillate,  costing  I  !..'>  cents  ])er  gallon;  density, 
0.811.  The  total  oil  used  was  5.S4  gallons  in  three  hours,  or  1.95  gal- 
lons per  hour  and  o.  145  gallon  jier  indicated  horsepower  hour.  .\t 
1 1.5  cents  per  gallon  the  cost  of  fuel  is  22.4  ceiils  ])er  fiour.  The  total 
mean  lift  lieing  31  feel  and  the  tpiantity  per  minute  pumped  being  796 
gallons,  the  useful  work  per  hour  was  l.4sii.<>(Ui  foot-gallons,  at  a  cost 
of  22. 4  cents.  [  lence  t  he  cost  per  1  ,<  M  M  i,)  H  k)  foot  -gal  Ions  was  15. 1  cents, 
the  oil  per  l,l)(«),tH.lO  foot-gallons  wa.s  1.31  gallons,  the  cost  per  foot- 
acre-foot  was  4.9  cents,  aiul  thi*  oil  jter  foot-acie-foot  was  (1,42  gallon. 
For  purposes  of  compari.*ou,  taking  the  cost  of  fnel  at  12  cents  jier 
gallon,  these  figures  become:  Cost  per  l,m:M),(H)()  foot-gallons,  15.JJ 
cents;  cost  per  foot -acre -foot,  5.12  cents. 

The  efficiency-  of  tliis  plant  is  practically  the  same  as  that  of  No.  1. 
The  two  are  of  particular  intere.stas  showing  the  results  obtained  from 
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a  low-lift  and  a  medium  high-lift  plant,  using  practically  identical 
machinery. 

Hant  No.  .A— The  plant  owned  by  "William  Bogen,  located  at  Engle- 
wood  Ranch,  near  Campbell,  Santa  Clara  Valley,  consists  of  a  gasoline 
engine  and  a  No.  4  compound  double-runner  vertical  centrifugal 
pump.  The  engine  cylinder  is  11..5  by  18  inches:  speed,  190  revolu- 
tions per  minute;  pulley,  30  inches  in  diameter.  The  suction  and 
discharge  openings  of  the  pump  are  4  inches;  discharge  pipe,  7-inch 
casing  throughout,  with  one  short-radius  elbow.  There  are  two  suc- 
tion pipes,  5  inches  in  diameter,  fitted  with  short-radius  elbows.  The 
engine  is  Indted  straight  to  a  36-inch  pulley  on  a  jack  shaft.     The 

pump  is  belted  with  quarter- 
turn  belt  to  60-inch  pullej' 
on  jack  shaft  (fig.  9);  the 
[)ump  pulley  is  12  inches. 

The  water  was  measured 
over  a  3-foot  rectangular 
weir  in  portable  weir  box 
during  the  test.  A  24i-inch 
Cipolletti  weir  was  placed  by 
our  party  March  22,  1904. 
Tlic  static  head  above  pump 
was  80  feet  (measured);  the 
static  head  below  pump,  9 
feet  (lueasured);  total  mean 
lift,  89  feet.  The  general 
arrangement  of  machinery  is 
indicated  in  figure  9.  The 
installation  of  the  pump  is 
priicticiilly  the  ssuno  us  in  No.  1,  but  the  engine  is  belted  to  a  jack 
.shaft,  and  this  to  tiic  pump,  presiiniiil>ly  to  get  the  proper  speed  on 
the  latter.     The  suction  head  is  low. 

The  results  of  the  test  are  given  in  the  following  table: 

Tift  iif  pliDit  .V<>.  .;,  Dtrnni  lnj  William  Jiogeii,  }ftirfh  i'l,  1904. 


'.I.  — I'lan  of  piimpinK  plant  owned  by  William  Bogen. 


lime. 

1     Revolutions 
■    per  minute. 

Dis- 
eharge 
head. 

Suetion 
hea<l. 

Total 
head. 

Gallons 

per 
miinite. 

Hy- 
draulic 
horse- 
power. 

Mean 

efTeetivo 

pressure, 

■   .No.  120 

spring. 

Explo- 
sions per 
minute. 

Indi- 
cated 

JEiigine. 

l*UIII[>. 

horse- 
power. 

Fefl. 

Ffii. 

F,,i. 

I\ntndit. 

n.Xy 

)»9 

730 

78.8 

12.1! 

91.4 

341 

1         .W 

94 

22.2 

Vl.-i-'y 

189 

7:w 

78.  H 

13.7 

92.6 

3;« 

'          60.2 

75 

21.3 

l-.'.J.i 

!       Ik:) 

747 

78.8 

14.2 

92.9 

336 

.S8.7 

74 

20.5 

l.ft'> 

183 

747 

78.  8 

14.4 

93.2 

:m7 

W 

7« 

21.4 

1  '25  . 

1        189 
1        187 

760 

78.8 
78.  8 

14.11 
14. « 

9:1.3 
94.3 

'          48.2 
60.1 

85 
80 

19.4 

'.'.(».■> 

18.9 

■2.if> 

187 

7«.T 

78.8 

15.1 

93.9 

347 

1          47..'> 

86 

19.3 

2.4.-. 

187 

7(« 

78.8 

LVS 

94.1 

344 

!          48.5 

80 

18.8 

:<.  Its 

18S 

760 

78.8 

1.x  r> 

W.3 

336 

.V> 

80 

20.8 

3.'2.5 

188 

7rtl 

78.  8 

15.9 

94.7 

333 

j       5:18 

80 

20.3 

.Werage. 

1         187 

7.52 

78.8 

14.  C 

93.47 

338 

8.01 

.         ..3 

81.2 

20.24 
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Tho  foiiiliiiuMl  efficienry  of  cnjfine  iiml  jiuriip  i.-.  '.'>'.*  per  cent.  The 
oil  used  WHS  4!>  ilistilliUe,  costiiiji;  11.5  vvuls  at  llit-  wurt'liousc,  or  12 
cents  per  gallon  deliveifd;  den.sity,  <).7»4.  The  total  oil  used  was 
14.4H  j^!ill<)n><  ill  llircc  Ixnirs  (ifty  iniriiit(>s,  or  8.7t)  •riillDiis  jK^r  fioiir', 
and  ti.  isti  cralloii  per  iiidirated  liors^epowt'r  hmir.  At  12  cents  per 
pallun  tin-  cost  of  fuel  is  45.1  eeuts  per  limir.  Trikiii},'  the  totiil 
lift  lit  sit  fei't  and  the  (|ii!Hitity  of  water  ptmipcd  at  '',?<S  j^iillon.-i  per 
minute,  the  ii.sel'ul  work  done  in  an  hour  was  UfSOSJjnn  foot-f,nillnns, 
costiug  for  fuel  45.1  cents.  Henee  the  cost  per  1,(HK),(MK)  foot-gallons 
was  25  cent.s;  oil  per  l,o()(i,()iMt  foot-rjallons'i.us  irallons;  eo.st  jier  foot- 
ncre-foot  8.11  rents,  and  oil  per  foot-aere-fuot  U.OT  yalldii. 

The  eompnratively  great  expense  of  operating  this  plant  is  due  to 
several  eanses.  In  the  (ii'st  place  the  auioiuit  of  oil  used  liy  the  engine 
is  excessive  ((t.lvi  gallnh  [ler  iiulicated  horsepower  jjcr  hour),  Th'_' 
intervention  of  the  jaek  >luift  in  the  belting  seheme  is  a  hud  one.  and 
wast<'s  a  great  deal  of  powei-.  Furllierniore,  short-radius  elltows  are 
not  to  he  used  except  where  absolutely  necessary,  and  also  the  water 
is  lifted  a  foot  too  high.  Finally,  the  smaller  size  of  pump  (No.  4)  can 
not  give  as  high  an  elKcienr'y  as  the  No,  5  pumps  of  the  jirei'eding 
tests,  other  things  lieing  eipnil.  There  appears  to  he  no  go(Kl  reason 
why  a  single  pulley  50  inches  in  diameter  on  the  engine  and  a  direct 
tjuarter-turn  hc!t  eonld  n<jt  have  hceii  ineUided  in  the  original  design. 
Lea\  ing  out  of  account  any  pijssihle  .error  in  the  design  of  this  class 
of  pump,  it  is  evident  that  if  this  plant  operated  at  an  efficiency  equal 
to  the  two  preceding,  the  cost  foi-  fuel  would  not  have  exceedetl  2ft 
cents  per  hour.  In  other  words,  lh<'  loss  per  hour  due  to  tlii>  cause 
is  IH  cents,  which  in  a  month  of  continuous  running  (ten  Imurs  per 
day  for  twenty-six  days)  amounts  to  5541. .'lO. 

The  cost  of  this  installation  com|)li>te  is  said  to  have  heen  $3,500, 

Plant  -\".  Jf. — The  plant  owned  hy  S.  K.  Jacksou.  Santa  Clara  Val- 
ley, consists  of  a  '_'5-h(>rsep(i\v<M'  yasoliiie  engine  and  a  No.  4  single- 
runner  vertical  centrifugal  pump.  The  onijine  cylindei-  is  12  hy  17 
inches;  speed,  190  i-evolutions  \wr  niimite;  pulley,  tin  inches  diameter; 
and  helt,  S  inches.  The  iidct  and  <Mitlet  openings  of  tin'  pmnp  are  4 
inches  in  dianu'tcr.  disciiarge  pipe  7i  inches  throughout,  with  one  HO' 
elbow.  There  are  two  suction  pipes,  4  inches  iiuliameter.  The  pum(> 
is  direct  belted  Ui  erigim*  with  (piartt-r-turn  belt.  The  water  is  nu-as- 
ureil  over  a  24-incli  C'ipolletli  weir  put  in  {i>y  test  and  left  in  place. 
The  static  head  atiove  the  pump  is  53  feet  7  inches  (measured);  the 
static  head  t>elow  pump  2t)  feet  (measured);  total  nnan  lift  aliout  8t> 
feet. 

This  plant  is  similar  in  all  respect-,  except  size  and  make  of  piuiip 
and  engine  to  No,  1,  and  therefoie  no  sketch  is  shown.  In  running 
this  test  tiouble  was  occasioned  by  Irotciank-pm  Itrasses,  which  neces- 
sitated a  shut  down  lioin  1.33  to  1.57  p    m. 
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Tlio  reisiilts  of  the  test  are  •civ<'ii  in  llic  fdllouiiii;  tulilc: 
Tent  o/  jilitiit  A'o.  4,  owned  Iryfi.  K.  Jackson,  April  19,  1904. 


Time. 

Revolutlona 
perliilnulc. 

churre 
head. 

Buctlon 
head. 

Total 

Gallon* 

per 
minute. 

H.V- 
ilraulic 
hiinie- 
(lower. 

Mean 
effwiive 
pre»iirv, 
No.  120 
spring. 

fcxplo- 
aloiin  per 
minute. 

iDlli 
caled 

Englnr. 

Pump. 

hmd. 

horM'- 
[Kiwi-r. 

11.15 

172 

1^ 
186 
188 
182 
IM 

B70 

stw 

1.000 

1.004 

983 

990 

54.5 

54.6 
54.0 
54.0 
54.6 
54. B 
54.0 

Peel. 

23.8 

27.2 

26.1 

30.6 

30 

27.2 

28.0 

FttL 

It.Z 

81. N 
80.7 
85. 2 
84.0 
81.8 
83.2 

»78 
451 
402 
476 
451 
402 
42a 

7.5 
9.3 

8.2 
10.2 
9.6 
8.3 
8.9 

Pmmli. 
53.4 
57.9 
55.8 
51.6 
54.0 
50.4 
50.8 

86 

91 

88.5 

93 

94 

91 

92 

23 

11.45 

» 

12  15     

2S,  4 

12.45 

2J.8 

1.05 

21.1 

1.15 

21.8 

2,45 

23.1 

Average.. 

182 

987 

54.6 

27.6 

82.2       428.  S 

8.89 

53.7 

90.8 

23.31 

I 


The  combined  pfficiency  of  engino  and  pump  was  45  per  cont.     The 

oil  used  was  41*'  distillate,  co.sting   1(1.5  cents  per  jralloii;  density, 

<).7!»n.  The  total  oil  used 
was  10. 5t*  gallons  in  three 
hours  and  twenty -six  min- 
utes, or  3,i).SK  gallon.s  j)er 
Jiour  and  n.l32  j^illon  per  iii- 
ilii'iiti'tl  horsepower  per  liour. 
At  10.5  cents  per  gallon  the 
<'Ost  per  hour  for  fuel  i.s  li2A 
cents.  The  total  mean  lift 
being  so  feet  ami  the  (juan- 
tity  of  water  pumped  i)er 
minute  Iteing427  gallons,  the 
u.si'ful  work  in  an  hour  is 
ii.U^iU.oou  foot -gal  Ions,  at  u 
eo.st  of  32.4  cents.  Hence, 
cost  per  l.(XK),OU0  foot-gal- 
lon.s  is  l.'i.S  cents:  oil  |>cr 
1,(KH),000  foot-galions,  1.5 
gallons;  cost  per  foot -acre- 
foot,  5.15  <'ents,  and  oil  per 
foot-aerr-foot  0,4;i  gidluii.  L'sing  distillate  at  the  uniform  price  of 
12  cents,  these  figures  become:  Cost  per  l.ooa.iHH)  foot-gallons,  18 
cents;  cost  per  foot-acre-foot,  5.84  cents.  Fiiithci  information  fur- 
nished by  the  owner  of  the  plant  develops  iln.  fact  that  he  is 
a<-ciistomed  to  use  a  tank  of  frnni  |ok  to  mil  gallniis  dming  thirtv-six 
hours"  run.  This  is  at  the  rate  of  3J\\>  galluns  pei  hour,  a  result 
pmctically  identical  with  the  test.  The  following  are  sjud  to  he  the 
costs  of  the  installation:  Engine,  $!,'2UO;  pump,  with  ■«haft,  $:H)i)\ 
■wells,  SSOO;  erection  and  building,  $200;  total.  !?2,j00. 


Fia.  10.— Flail  ul  [muijims  plnnl  owned  by  S.  H.  Shelley. 
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Plinit  No.  5.  — Tliis  plant,  ownoci  hy  S.  H.  Slii'lley,  Siiiitii  Cliira 
Valley,  consists  of  a  tH-horsfjiower  ira.s  enjjiiie.  ftiriiisbL'd  with  ii 
retort  and  a  No.  4  .sinfjrli'-runner  veitiail  ct'ntrifuu;iil  pump.  'I'iie 
engine  cylinder  is  8.,">  tiy  l.>  inches;  .speed.  'J4<>  vevolutioiis  per  inimile; 
pulley,  4S  inches  in  diiiineter;  twit.  8  inches.  Tlie  itdct  und  outlet 
pipes  of  tlie  pump  are  -4  inches  in  diameter:  the  discharge  pipe,  8 
inches  in  diiiiueter  to  Hume,  but  with  H-inch  side  outlet  5  feet  long  to 
weir  box.  This  Ititter  was  used  on  test.  There  are  three  suction 
pijws,  two  f)  inches  in  diameter  and  one  -l-  inches  in  diameter,  as  .shown 
in  sketch  (tig.  Id),  The  puntjt  is  direct  cnmiected  with  <|uarter-turn 
belt  to  engine,  with  32  feet  between  center-.  'I'lie  water  was  measured 
over  a  Iti-inch  rectangular  weir  put  in  for  test  and  left  in  place.  The 
static  head  above  ptuii]*  is  7.">  feet  ti  inches  (mensured);  the  .static  head 
l>elow  pnnip,  12  feel  tmeasiired);  the  total  mean  lift.  S7  feet  ♦)  inches. 

This  pumji  was  worn  and  leaking,  due  to  bad  u.sage  and  badly 
balanced  rumier,  which  caused  heating  aiul  wear  within  the  pump. 
NN'lien  not  riiiudn^  tin-  pump  was  covered  with  water,  and  when  rumiing 
it  was  not  easy  to  in.sert  a  pressure  gauge  at  the  pump  on  account  of 
high  pressure.  The  vacuum-gauge eonneetinn  was  already  in,  but  the 
gauge  head  on  the  discharge  liad  to  be  estimated  from  (lie  mea.surcd 
head  and  frictional  losse.s. 

The  results  of  the  test  ai'e  given  in  the  following  tabic; 

Terl  uj i>liint  So.  5,  unnied  bij  S.  11.  Shrtlftj,  Miii)  4t  1^04. 


Time. 


10.27 

n.oo 

11.30 

Il.« 

V.'OO 

J'J  Jll 

IV.  4(1 

1. 00 

!.».„ 

l.« 

XflO , 

2.20 

1« , 

l.« 

S.M 

•  M 

00, 

SO. 

« 

CM 

ATcrege 


Rt'rolulinni 
per  minule 


EOKine 

Pum|i. 

2-JU 

820 

Z» 

too 

i3» 

8M 

227 

82S 

K9 

822 

236 

H36 

ixn 

KK 

■Jon 

S20 

231 
228 
229 
230 
228 
230 
230 
228 
2.12 
225 
232 


230 


K."9 
\« 
832 

too 

827 
830 

Han 

823 
831) 
812 
822 


828  .•» 


I>i»- 

charge 
bead. 

Suclloo 

ToUl 

hewl. 

head. 

fM. 

fM 

fM 

76 

8.8 

81.8 

70 

0.4 

IVt.l 

76 

10.0 

86.9 

76 

11.2 

87.2 

76 

10.8 

8G.8 

76 

10.9 

8S.e 

76 

10.9 

SS.9 

76 

10.9 

86.9 

76 

10. 1 

80.1 

76 

11.6 

87.4 

70 

11.6 

87.6 

76 

11.7 

87.7 

76 

11.8 

»/.8 

76 

11  4 

87.3 

76 

12.1 

88. 1 

76 

11.9 

87.9 

76 

10.4 

8S.4 

7(. 

10.2 

86  2 

76 

9  b 

86.& 

70 

ID.  t 

86.8 

76 

10.8 

86.8 

■ 

Gallon* 
per 
lain- 
Die, 


226 
247 
247 
247 
240 
217 
247 
247 
240 
247 
247 
247 
233 
240 
2M 
233 
138 
Ifil 
181 
225 


o,.  Mean 

P"*"-    spring. 


4.8 
5.3 
6.4 
.\4 
S.3 

^4 

6.4 
6.4 
5.2 
.V5 
65 
6.5 
6  3 
6.3 
.V7 
6  2 

a.o 

33 
4.0 
4.9 


Pomtdi. 
Ti.3 

78.6 
77.1 
76.7 
72.4 
72.7 


72.7 

74.0 

78.1 

74.8 

76.2 

76.8 

74.1 

74.5 

76.6 

■  71J.8 

"72.9 

"73.6 

■172.8 


Expl«- 
Atonit  Iter 
niiiiulv. 


lis 

114 

118 

113.5 

114.5 

118 


.'i.OI 


74.9 


118 

116 

117 

114 

IH  5 

116 

114 

115 

116 

114 

116 

112.5 

116 


116.1 


Indi- 
cated 
Uorw- 
powcr. 


17  « 
19.4 

ltt.6 
18.6 
17.9 
18.3 


18.6 

18.3 

J9.7 

18.4 

18.6 

19 

18.2 

18.6 

19 

19.6 

18.2 

17.2 

18.1 


18.66 


o  No  200  iprliig. 


The  combined  efficiency  of  engine  and  pump  is  27  percent.  The  oil 
U!»cdwas  36.8-  Coalinga  oil,  costing  but  ."»  cents  a  gallon.  It  is  under- 
stood that  this  kind  of  oil  is  n»>  longer  ou  the  market;  density.  U.845. 
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Tlip  totiil  nil  used  wiis  I2tl  pounds  in  six  (iiirl  urif-hidf  hours;  17.8!>  jral- 
loiis  in  .six  iiiul  <)i)c-(iiilf  hours,  or  2.75  gallons  pm-  lioiii-  imd  o.  14S  gal- 
lon per  indiiiitctl  horsi-powcr  p(>f  hour.  At  5  cents  per  giillori,  the  cost  ■ 
nf  fuel  is  IS. 75  ccnt.s  per  hour.  Tiikiuir  the  total  meai)  lift  at  H7  feet, 
iind  thctlisfhargeat  l(-2!)  gallons  jx'r  iniiiiitc,  the  usefni  work  done  in  an 
hour  is  l,li»H,)H)()  foot-gallons  at  a  cost  of  13.75  cents.  Heiwe  we  have: 
Cost  per  l,fl(K>,()Oi)  foot-gallons,  11.5  cents:  oil  {ler  l.naO.fXXi  foot- 
gallons,  2.;}  gidlon-;  cost  per  foot -acre- foot,  'A.'i'S  cents,  and  oil  )>cr  fuot- 
acre-foot,  0.75  gallon.  The  low  cost  in  this  case  is  entirely  due  to  liie 
cheapness  of  the  fuel  used,  for  otherwi.so  the  perforniancc  of  llic  plant 
is  exceptionally  poor.  It  can  not  Iw  stated  without  a  test  what 
efBciency  the  plant  would  give  with  the  12-cent  distillate  used  in  some 
of  the  others,  hut  assuming  i(  to  he  the  same,  since  the  eugiae  was  in 
no  way  responsilile  for  the  had  showing,  tiie  cost  per  hour  for  oper- 
ating the  plant  would  lie  33  cents.  This  gives,  cost  per  1.(HM»,(M)0 
foot-gallons,  27. *>  cents;  cost  jier  foot-acre- foot.  !*  I'ents. 

The  comparatively  low  efficiency  of  this  plant  is  due  to  several 
cauHCH.  the  principal  one  of  which  is  the  had  condition  of  the  pumj) 
itself,  Ueing  tiadly  worn,  it  proliahly  leaked  air  at  ihestutHng  hox, 
a  state  id'  alVairs  fatal  to  good  eliiciency.  Again,  there  was  heating 
within  the  pump,  due  to  the  failure  of  the  water  lialance  to  work  prop- 
erly, causing  a  loss  of  energy.  The  piping  of  the  suction  also  might 
hiive  heen  improved  u|)oa  liy  inserting  the  ••tee"  (see  Hg.  Jo)  in  the 
horizontal  in.stoad  of  in  the  vertical  hranch.  The  plant  has.  since  this 
test,  heen  ttverhauled  ami  pul  in  good  I'ondition. 

P/ii/if  Xii.  '/'.—  This  plant  i-*  owned  hy  S.  11.  Shelley.  .Mayhury 
ruad,  near  San  .lose,  Santa  t'lara  \'alley.  It  consists  of  a  IDhorsc- 
power  gas  I'ligiue  and  a  retort,  and  a  No.  f)  single-runner  vertical 
centrifug.d  pump.  The  engine  cylinder  isS..")  I>y  l.>  inches;  speed.  :*l!0 
revolutions  jK-r  luituite;  pulley,  39  laches  in  diameter.  The  inlet  and 
outlel  |iipes  of  the  ])unip  are  5  itirhes  in  diameter;  the  ilischarge  pipe 
s  iridn's  thronglioul,  with  one  long-i-adius  elhow.  There  ai'c  two 
;)-inch  suction  pipes.  The  pump  is  diri'ct  helled  with  i|uarterturn 
helt  to  engine,  Willi  titl  feet  lietween  centers.  The  water  was  meas- 
ui'ed  over  a  ^.S-foot  Cipollelti  weir  put  in  for  the  test  ami  left  in 
place.  The  statii'  head  above  the  pump  is  5'2  feet  4  inches  (measured); 
the  static  h<'a(l  lielow  pump,  4  feet  (uu>asnred):  and  the  total  mean  lift 
about  .Ml  feel.  This  plant  is  similar  in  arrangemcnl  to  No.  I.  and 
therefore  no  sketch  is  appended.  Having  a  low  suction  lift  and  larger 
l)nm|)  with  exactly  similai-  engine  and  fuid,  we  shoidd  exp<'ct  Ijetter 
results  than  in  the;  |)receding.  The  results  of  the  test  are  given  iu 
the  tahle  following. 


I 

I 
I 

I 
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TfM  of  plant  No.  6,  owned  hij  S.  If.  Shetleij,  May  7, 1904. 


Time. 
12.00 

Revolutions 
per  minnte. 

Did- 
"& 

Fei-I. 
.V«.7 
.53.7 
,53.7 
.53.7 
.53.7 
.53.7 

m.; 

.5.3.7 
lA.- 
.53.7 
.53.7 
K\.-l 
.5:1.7 
5.3.7 
.53.7 
.5:).  7 
.53.7 
.53.7 

Suction 
head. 

Fret. 
3.7 
4.1 
4.1 
1.2 
4.3 
3.7 
4 
3.5 

■;i 

4.1 

4.2 
1.2 
4.2 
12 
.5.7 
(1.1 

Total 
head. 

Ftd. 

.57.4 

57.8 

.57.  K 

.57.9 

.58 

.57.4 

57.7 

57.2 

.57.  1 

.56. 8 

.57.8 

.57.8 

.57.9 

.57. 9 

57. 9 

.57.9 

m.  1 

.59.8 

Gallons 
per 

:   min- 
ute. 

Hy- 
dmulie 
horse- 
power. 

Mean 
effective 
preswure, 
No.  120 
sprinif. 

J*fnimh. 
7B.5 
76.2 
78.1 
78.9 
78.4 
81 

78.2 

78.2 

80.3 

82.3 

"78.7 

"81.7 

"79 

"78.2 

"83 

"83.6 

"78.1 

"78.1 

ExpIo 
sionK  jH.'r 
minute. 

112 

112 

112 

112 

112 

109.5 

109 

110 

110 

108 

112 

112 

113 

115 

115 

113 

115 

113 

Indi- 
iiited 

Knglnv. 

224 
224 

224 
224 
224 
219 
218 
220 
220 
216 
224 
224 
226 
230 
%V) 
226 
230 
226 

Pump. 

700 
708 
708 
708 
711 
706 
700 
701 
709 
696 
702 
700 
719 
727 

imti 

721 

727 
717 

iiorse- 
power. 

12.20 

12.40 

1.00 

l.-ji) 

1.40 

2.00 

2.20 

240 

3.00 

320                 

3.40 

4.00  . 

4.20 



4.40 

.5.00 

.5.20 

5.40 

.Average.. 

224 

710  1 

.53.7 

■i.N... 

.57.88 
SKI  spri 

444.1 
UK- 

6.  .5;! 

79.36 

111.9 

19.119 

The  combined  efficiency  of  engine  and  pump  is  34  jxr  cent.  The 
oil  used  was  3(i.7^  Coalinya  di.stilhitc,  costing  5  cents  ytev  gallon  (.lame 
as  No.  5);  den.sity,  ().84(>.  The  total  oil  used,  14.04:  gallons  in  si.v 
hours,  or  2.34  gallons  per  hour,  and  0.12'2  gallon  per  indicated  horse- 
power per  hour.  At  .5  cents  per  gallon  the  cost  per  hour  for  fuel  is 
11.7  cents.  From  the  total  mean  lift  of  5H  feet  and  mean  discharge 
of  444  gallons  per  minute  wt!  find  that  the  work  done  per  hour  was 
1,499,(XX)  foot-gallons,  at  a  cost  of  11.7  cents.  Henc<»  the  cost  per 
1,000.000  foot-gallons  was  7..S4  cents;  oil  per  1,000,00(»  foot-giillons, 
1.57  gallons;  cost  per  foot-acre-foot,  :i.r)4  <;ents,  and  oil  per  foot-acre- 
foot,  0..51  gallon.  Of  course  the  extremely  low  cost  is  due  principally 
to  the  cheap  fuel.  Putting  it  appro.ximatel^'  on  the  12-cent  per  gallon 
basi.s,  a.s  in  the  preceding  case,  we  find  the  cost  per  l,()()o.(HMi  foot-gal- 
lons IS.S  cents,  and  the  cost  p<>r  foot-acie-foot,  ♦).!  cents  not  as  good 
a  showing  as  made  l»y  Nos.  1  and  2.  Tiiis  plant  gives  a  very  fair 
result.  The  iwrformance  of  the  engine  is  excellent,  for  we  find  hut 
few  engines  fulfilling  then-  guarantees  (one-eighth  gallon  per  hrake 
hor-sepower  per  hour)  after  being  in  .service,  and  pretty  severe  .service 
at  that,  for  several  years. 

P/ant  .To.  7. — This  plant,  owned  liy  Darrell  &  Schumacker,  Man- 
chester avenue.  Los  Angeles,  consists  of  a  ■22-horsepower  gasoline 
engine  and  a  No.  6  single  runner  vertli-al  centrifugal  pump.  The 
engine  cylmder  is  10..")  by  IS  inciies;  the  .speed,  200  revolutions  per 
minute;  pulley,  40  inches  in  diameter:  l)elt.  10  iiulies.  The  inlet  and 
outlet  o[)enings  of  the  pump  are  tJ  inches  in  diameter:  discharge  pipe, 
7  inches  outside  diameter,  casing  direct  to  flume  without  ell»ow.  There 
are  two  suction  pipes,  0  inches  in  diameter,  with  long-radius  .screwed 
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r>ltv 


The 


direct  Ueltoil,  with 


pump  IS  direct  iieltoii,  with  (juiirtcv-tiirn  lielt  to  cnjjine, 
witli  H)-iiR'li  puHi'V.  -M  feet  Uetwcori  ceiiter.s  (ti<r.  11).  The  water  wii.s 
measured  over  ti  i!-4-iiK'h  Ci|Killetti  weir  put  in  for  tUe  test  and  left  in 
plat'P.  Tlio  .stiitie  lieiid  iiltove  thi'  puin[>  i.s  '2ii  feet  (uiensiii-cd);  the 
static  head  lidovv  puuiji  !.■<  11  feet  (ineu.su red),  and  the  tutul  mean  lift, 

31  feet.  The  test  on  this 
plant  is  incomplete  on  ac- 
coiiiit  of  the  fuet  that  our 
party  was  n<it  allowed  to 
miMt-iure  the  oil.  All  that 
eonld  he  uhtaiucd  on  the  suti- 
ject  of  oil  consumption  was 
gathered  from  tfie  attendant, 
who  stated  on  one  occasion 
that  2  gallon.s  per  hour  were 
used,  and  on  another  that 
one -citfhth  ffallou  |K'r  horse- 
power hour  was  the  con- 
sumption. The  forme-  is 
evidently  l>ut  a  rouyh  ap- 
pri).\iniation.  atid  the  latter 
is  |)ro!)al)ly  llic  huilder's  rat 
ing^.  Furtherniore,  it  wn.^ 
not  practicable  to  insert  a 
gauffe  on  the  pressure  side,  hut  thi.s  neces.sary  omission  does  not  in 
any  way  affect  the  (inal  or  jfr<»ss  etticiency.  The  jruu^fo  head  hus  licen 
taken  as  the  static  lift  jihis  I  he  cuniputcd  losses. 
The  results  of  the  test  are  given  in  the  followiujj  tjihlc;  ^_ 


-Hliiii  of  iiiimpliig  pUnI  nwni'il  •>>•  DanroU  & 
Si'tiiiniin.'ker, 


TeM 

o/jiUitit  -Vo.  7,  ownfd  hij  Darrell  it 

Sell  u  III 

nrtrr,  , 

FltHf  J  J, 

1904. 

^ 

Time. 

Rcvol 
perm 

Engine. 

iillunc 
mule. 

Pump. 

DU- 
clinritf 
head 

Suction 
ilea  (J. 

Total 
head. 

Gallons 

[.IT 

min- 
ute. 

Hy- 
druiilli- 
horse- 
power. 

Mean 

PiTei'llve 

ptff.suri', 

No.  120 

►prtng. 

Expio- 
sioiiM  per 
minute. 

Indi- 

(Hted 
hone- 
powct. 

10.10 

u.uo 

ItIN 
IDS 
IW 
IW 
198 
198 
198 
198 

7(i(t 
749 
749 
IK, 
755 
7,V> 
7f« 
7C0 

fM. 

21 
21 
21 
21 
21 
21 
21 
21 

Fetl 

13.0 

13  » 
lit.  8 
14.2 

14  3 
14.6 
11.3 
li.U 

Pert 
31  0 

34. H 

34  8 

35  2 
X.i.3 
W.fi 
Xi  H 
32.3 

66!! 
66.^ 

TKi 
782 

7H2 

7^3 

ti»4 

I'ohimU. 

-     W>.'i 
74.1 
77.9 
78.« 
77.4 
87.8 

67 
53 
SO 
SO 
49 
49 
49 
53 

11. IJ  

11.80 

11.4/) 

12.00 

1215 

12  30 

Average.. 

198 

7W 

21 

13.  S 

348 

727 

6.83 

72.2 

set.  A 

18. » 

I 


I 


The  coraliined  efficiency  of  engine  and  pump  is  34.5  per  cent.  The 
oiln.sed  was  44  engine  distillate,  costing  10, .5  cents  ])er  gallon;  density. 
O.Sll,  The  consumption  taken  at  0.13  gallons  pei'  iiirlicuted  h(vrse- 
powcr  per  hour,"  gives  'J.3S  gallons  per  htJiir  used,  costing  2  j  cents  pel 


t 


oAveragi'  rons-uniption  stinwii  on  previous  leets. 
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hour.  The  useful  work  was  1,351,000  foot-gallons  in  one  hour.  Hence 
the  cost  per  1,000,000  foot-gallons  was  18.5  cents;  oil  per  1,000,000 
foot-gallons,  1.76gallons;  cost  per  foot -acre-foot,  6  cents;  oil  per  foot- 
acre-foot,  0.57  gallon.  With  distillate  at  12  cents  per  gallon  these 
become:  Cost  per  1,000,000  foot-gallons,  22.2  cents;  cost  per  foot- 
acre- foot,  7.2  cents.  No  great  reliance  can  be  placed  upon  these 
results,  as  the  oil  was  not  actuallj'  measured.  The  low  combined 
efficiency,  no  doubt,  is  partly  due  to  the  small  discharge  pipe,  which 


Fui.  V2  — ri«n  of  HermosA  piiinpiiiK  pimit.  PorlorsvllU',  C«I. 

is  but  five-eighth  inch  laigcr  than  the  pump  outlet.     It  should  have 
been  8  oi   10  inches  in  diameter,  coimccted  with  taper  fittings. 

Pfant  No.  S. — The  Hermosa  plant,  at  Portcrsville,  San  Joaquin 
Valley,  consists  of  a30-horsepower  gasoline  engine,  and  a  deep  well  pis- 
ton pump  (fig.  12).  The  engine  cylinder  is  10  bj'  10  inches;  the  speed, 
270  revolutions  per  minute;  pulle\-,  28  inches  in  diameter;  the  l>elt, 
9  inches.  The  pump  is  a  double-acting  piston  pump,  two  pistons 
working  on  two  rods.  An  overlapping  stroke  on  the  pistons  is 
obtained  by  means  of  noncircular  gearing.     The  pump  barrel  is  9 
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by  24  inches.  Tln'  fli.'<cli!irc;e  pijif  is  li>  inches  in  diameter;  there  18 
no  suetiori  pipe,  !is  the  piinip  is  operated  below  water.  The  pump  is 
l)clted  direct  to  engine,  with  ItJ-foot  centers.  The  water  is  mea-sitred 
over  a  ItS-im-h  fectangular  weii*  put  in  for  the  lest  and  left  in  place. 
The  total  mean  lift  is  14.">  feet  (measured).  This  pump  discharges  ha 
water  through  1,020  feet  of  redwootl  pipe,  and  therefore  the  test  i.s 
not  quite  a  fair  comparison  with  those  on  preceding  plants,  for  the 
reason  timt  it  not  only  lias  to  lift  the  water,  hut  also  transjjortsit  i.o-jo 
feet,  encountering  frictionul  resistance  the  whole  way.  Inasmuch. 
however,  as  the  [)ipe  is  large  (10  inches  in  diameter)  and  tlie  velocity 
small  (l.ti  feet  per  .second),  the  friction  head  will  he  Miiull— smaller,  in 
fact,  than  in  most  direct-lift  plants.  We  therefore  insert  it  in  direct 
comparison  with  others.  The  engine  appeared  to  lie  overrated. 
Iwcaiise  it  was  just  possible  to  keep  it  up  to  its  work,  and  the  iM'asses 
heated  Imdly.  The  belt  centers  were  also  too  short.  It  was  intended 
to  run  the  engine  on  crude  oil,  but  this  was  found  so  unsatisfactorv 
with  the  retort  used  that  the  attempt  was  abandaned  and  distillate 
substituted. 

The  wells  are  two  in  number,  sunk  in  the  bottom  of  two  pits.  The 
main  pit  is  <i  feet  deep,  and  from  it  a  l:i-iiich  well  is  sunk.  This  con- 
tains the  pnmp,  the  bottom  of  who.se  cylinder  is  71  feet  below  the 
bott()m  of  the  pit.  The  piston  rods  t'.xtend  upward  through  the  well 
to  the  crank  disks  on  the  engine-room  lloor.  At  a  distance  of  70  feet 
from  this  pit  another  is  sunk  below  the  water  line,  connected  to  the 
main  well  by  a  tunnel,  and  fed  by  a  10-inch  well  sunk  in  its  Itottom. 
It  was  in  this  pit  that  the  water  level  was  observed  dui'ing  the  test. 

The  results  of  the  test  are  given  in  the  following  table: 

Tetl  iffjihnt  A'o.  *,  Ihe  Hernumt  plant,  Maij  il,  1904. 


Timo. 

Kevcil 

ittons 

UIs- 
cbance 
hrad 

Flcxt 
read- 
ing. 

Tnul 
bend. 

Unllons 
per 
min- 
ute. 

Hy- 
dmulic 

Mian 
efleftlve 

Explo- 
slonji  por 
intimto. 

Indl- 
caiei] 

Engine 

Pump. 

bome- 
power. 

So.  121) 
•pring. 

honw- 
t>ower. 

10.40 

258 

265 

265 

270 

265. 

272 

270 

268 

258 

263 

as2 

267 
268 
267 

35 
34 
35 
36 
35 
86 
35 
35 
33 
35 
3S 
85 
35 
3S 

Fed. 
90 
90 
Ml 
90 
W) 
90 
W 
W 
90 

go 

90 
90 
90 
90 

Fl.  In. 
65      * 
5(1      0 
SB    10 
57      2 
57      i 
57      2 
57      2 
57      2 
57      2| 
57      5 
57      7 
57      9 

57  11 

58  0 

ftrt 
145.6 
H«.2 
H7 
147.4 
147.4 
147.4 
147.4 
147.4 
147.4 
147.6 
147.8 
148 
148.1 
148.2 

398 
373 
390 
381 
3M 
398 
896 
318 
390 
398 
398 
398 
398 
398 

'.'.'.'.'.'.'.'. 

Pnttndt. 
69.2 
65.8 
66.1 
68.6 
71.5 
78.8 
65.3 
66.7 
68.5 
60.6 
70.4 
65.7 
68.1 
66.3 

129 
127.5 

isa.6 

136 

132.  S 

136 

186 

1S4 

128 

181.5 

in 

11S.S 
134 

13S.5 

II  00 

11  20       

1  ]  40          

r.'.uo 

I'J.iO 

l'>  40     

1  -JO         

2.00    

2.20        

S.OO 

Average.. 

285 

35 

90 

147.36 

380.3 

.4.69 

68.25 

132. 4 

28.  W 

k 


The  combined  eflficicn  'V  of  engine  and  pump  is  ."il  per  <-ent.  The 
oil  usihI  was  -18  '  distillate,  costing  1-J  cents  per  gallon.  The  total  oil 
used  was   11. .S2  gallons  in  two  hoars  forty  minutes,  or  4.43  gallons 
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per  lioui*  ami  0.154  gulloti  {mm-  iiidifatotl  horsepower  \wr  lnHir.  At  12 
cents  per  jjiillon  thi"  uust  of  fuel  piT  hmir  is  53.2  eeiit>i.  The  useful 
work  done  in  an  lioiir  is  ;^.47('Jioi)  foot-}r!illons,  iit  u  east  of  53.2  cents. 
Hence  the  cost  per  U(H)(i,(i(>0  fuot.-^silluns  is  15.8  cents;  the  oil  used 
per  1,(MK),U<M)  fout-^'allons,  1.2!S  (jfiillons;  llie  cost  per  foot-acre -foot, 
4.97  cents,  and  the  oil  per  foot-ncro-foot,  i».4:i  jfiillon. 

I'ftntf  yt>.  9.  —This  pliint,  owned  liy  the  Chiise  Nursery,  Corona, 
Riverside  County.  Cal.,  consists  of  a  To-horsepower  fjiisoliiie  entritie  and 
a  triplex  plunj^er  pump  (tig.  13).  The  engine  cylinders,  3  in  nunilwr, 
measure  11    by   !i'   inches;  the  speed    is  290  rcvohilions  per  nunute. 


Fio.  13— rinii  III  [lunifiiiiK  pinnt  iit  chnw  Nuracry.  Corona,  Cnl. 

The  engine  is  direct  connected  to  the  pump  and  is  fitted  with  a  retort. 
The  pump  cylinders,  3  in  nuui1>ei',  are  14  hy  12  inches;  the  suction 
pipe,  12  inches  in  diameter  with  1  elhow;  discharge  pipt\  10  inches 
at  pump,  with  1  elhow  and  check  valve,  enlarging  to  1.S  iuchea 
outside  the  pum[)  h<»usc.  The  water  is  measured  over  a  2a-incb  rec- 
tangular weir  at  the  upper  point  (No.  3),  and  a  3li-iiich  rectangular 
weir  at  lower  point  (No.  2).  The  weirs  were  already  in  place  and 
were  used  with  small  alterations.  The  total  mean  lift  to  point  No.  3 
is  195  feet  (measured);  the  total  mean  lift  tn  point  No.  2,  133  feet 
(luea.sured).  In  this  plant  the  water  is  drawn  from  a  canal  under  a 
low  head  and  forced  directly  into  u  main  4,210  feet  in  length.     The 
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first  section  nearest  to  the  pump  is  18  inches  in  diameter,  1,660  feet 
in  length,  and  is  carried  to  a  point  80  feet  above  the  pump,  where 
outlet  No.  1  is  taken  off.  Al>ove  this  is  1,215  feet  of  16-inch  pipe  to 
outlet  No.  2,  133  feet  above  the  pump,  and  the  last  section,  consisting 
of  1,356  feet  of  14-inch  pipe,  reaching  an  elevation  of  200  feet  at 
outlet  No.  3. 

The  engine  could  not  be  satisfactorily'  indicati'd,  owing  to  the  exces- 
sive vibrations  of  the  pencil  on  the  drum  of  the  indicator.  The  indi- 
cated horsepower  and  combined  eflBciency  are  therefore  not  given. 
The  pump  is  of  the  ordinary  geared  triplex  type,  with  a  check 
valve  in  the  discharge.  In  starting,  a  by-pass  is  opened,  and  this 
is  closed  when  the  engine  is  up  to  speed.  The  gearing  between 
the  engine  and  pump  has  a  ratio  of  alwut  1  to  7.3.  The  displacement 
of  the  pump,  !»46  gallons  per  minute,  does  not  agree  well  with  the 
measured  discharge,  868  gallons  per  minute,  for  there  is  seldom  so 
great  a  difference  in  pumps  of  this  class.  Xo  investigation  was  made 
as  to  the  cause  of  this  discrepancy. 

Two  tests  were  made  on  this  plant — one  with  the  water  discharging 
at  No.  3  and  another  (incomplete)  at  No.  2.  The  results,  with  fhe 
water  discharging  at  i)oint  No.  3,  are  given  in  the  following  table: 

Teil  nf  plaiil  A».  9,  Chanf  Nurteri/  Coiitjxinii,  ill  point  No.  ,i,  June  19,  1904. 


iRevolutioiis  iKT 
„.  '        minute.  ,'*'»■ 

Tiiui'.  : cliante 

Engine.  IMimp.      •"'"''• 


firt. 


Suction 


F>rl. 


i.  Ift 

3.1."> is.T  m  187  1  .■)./ 

a.w 2s.^>         3<.<;         IN"!        5.' 

4.(10 

4.V>I1 

4.W 

4.M 

S.OO -.W  .S'JJ  IS-  I  5.7 


»v5 

;™i, 

1H7   1 

■Kt 

■m 

187 

2S.^> 

:w; 

1H7 

a*,i 

3!t|, 

187 

•ji« 

39!; 

1H7 

■«10 

39( 

1K7 

•-w 

3'.li 

1H7 

■-'a.'i 

»H 

1S7 

2SS) 

3»; 

187 ; 

1 

Total 
henil. 

(iallona 
luuiutr. 

Fill. 
11*2  7 

lit2. 7 

li>2.  7 

IW.  7 

1H2.  7 

192.  7 

192.7 

19-2.7 

.WiTaKi' 2S9  39;  187,  .S.  7  192.7  868 

_  _  _       ■  I  . 

The  oil  u.sed  was  44  engine  distillute.  costing  y.5  cents  i)cr  gallon; 
density.  0.80.  The  total  oil  u.-^ed  was  llt).5  pounds  in  two  hours  ten 
niinutos;  17.i>2  gallons  in  two  hours  ton  minutes,  or  8.27  gallons  per 
hour,  costing  therefore  78.5  cents  per  hour  for  fuel.  The  useful 
work  was  1().050,0(X)  foot-gallons  in  an  hour.  Hence  tiie  cost  per 
l,00t>,(MH)  foot-gallons  was  7.81  cents;  oil  per  1,000,000  foot  gallons, 
0.814  gallon;  co.st  j)er  foot -acre- foot,  2.5  cents,  and  oil  per  foot-acrc- 
foot,  0.26  gallon.  If  oil  costing  12  cents  per  gallon  wore  used,  and 
a.ssuniing  that  the  tfliciency  remained  the  same,  we  would  have:  Cost 
per  I.OOO.IXW  foot-gallons,  !>.S  cents,  and  cost  per  foot-acre-foot,  3.18 
cents.  But  if  C'oalingsi  oil  at  5  cents  bo  substituted — and  the  makers 
of  the  engine  claim  it  will  work  as  well  or  better  with  this  fuel— the 
cost  falls  to:  Cost  per  1,000,000  foot-gallons,  4.1  cents;  cost  per  foot- 
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acre-foot,  1.3H  cents.     These  results  of  course  can  not  be  vouched  for 
witlioi'.t  actual  (csis  and  arc  lucri'Iy  mentioned  as  jjossiliilitics. 

Tlie  tt;.st  with  the  di.st-ljargc  at  p<jint  No.  •!  gives  merely  a  few  meas- 
urements on  lii'ad  and  quantity,  for  bt^cause  of  an  unfortunate  accident 
it  was  not  pos.sil)le  to  measure  the  oil.     The  results  are  as  follows: 

Tc»l  I)}  plant  S'o.  9,  Chajne  .Vur»f>'(/  Company,  nl  jtoint  Ao.  i",  June  20,  1904. 


Time. 

ReToliiUoQiper 
mtniile. 

Dis- 
charge 
iieiid. 

Surdon 
head. 

Total 
bead. 

Gallnns 

Hj- 

(Imulic 

Engine. 

Pump. 

mlante.     •■""^■ 

MJ,...     .                      

Ml 
901 

285 
288 
2W 

tm 

802 
800 

40 
40 
4U 
40 
40 
40 
40 
40 
40 

Fnt. 
127 
127 

127 
127 
127 
127 

Fffl.          FM. 
5,7           1S2-7 

• 

MO 

5.7 
.5.7 
6.7 
5.7 

».a) 

•.40 

9.eo 

10.(10 

.V? 

lo.au 

l'/7             8.7 
127             6.7 
127  1           6.7 

1(1.40 

n.oo 

1 

296 

40 

127  .            6-7  1         ISIT 

8()g               2B.2 

^po 


The  results  obtained  for  this  i)!aiit  are  by  far  the  best  of  any  of  the 
jrasoliue  engine  plants  tested.  The  low  cost  of  opemtion  appears  lo 
lie  due  to  the  highly  eiHcient  puni]).  the  diivct  eoimectioii  of  the  engine 
to  the  pump,  the  highly  ctticient  pi|)f  line,  and  tiie  low  co'it  of  fuel. 
Ti>  this  must  l>c  added  the  ctiiiiimrativ^dy  lai'go  size  of  the  unit. 

PLANTS    I  SING    KLKCTRK-    MOTORS. 

Phiut  No.  /('.  — This  plant,  owned  by  the  Sunnyside  Water  Com- 
pany, near  Portei'svilic,  in  the  Ssui  .Ioa()uin  N'ailey.  consists  of  a  30- 
hoisepdwer  induction  motor,  T.^tm  alternations.  :i-phiise,  2,000  volt.s, 
830  re\nlulions  per  iniruite.  and  a  No.  4  coniiiound  horizontal  cen- 
trifugtU  pump.  Tlic  inlet  and  outlet  opeidngs  are  4  inches  in  diameter; 
the  discharge  pipe,  13  feet  of  (i-inch  casing,  to  90-  elbow,  enlaiging 
to  Ijl-itich  at  main  discharge.  Kedwood  pijie  in  main  line.  There  are 
three  >uctioii  pipes.  (>  inches  in  diunicter  in  lo-ineh  wells,  14o  to  150 
feet  deep.  TIte  piuiip  is  tlirect  connected  t(->  nu»tor  (Hg.  14).  The 
water  is  measured  over  an  iN-inch  Cipolletti  weir  at  -upper  jMiint 
(No.  2)  and  l.'>-iiich  rectingidar  weir  at  lower  ixiint  (No.  1).  These 
weirs  were  already  in  place. 

The  static  heads  almve  pump  are.  at  point  No.  2. 123  feet  (measured), 
and  at  point  No.  1,  94  feet  (iu(itsure<l):  the  static  head  below  pump 
5i7  feet  (estimatfxl),  and  the  total  mean  lift  at  point  No.  2,  1.50  feet,  at 

int  No.  1. 121  feet.  We  have  here  a  type  of  electric  pumping  i)lant 
widely  used  in  the  San  .loaipiin  \'allpy.  The  pump  and  motor  are 
directly  connected,  usually  on  one  base,  and  are  placed  at  the  b<ittom  of 
a  coiupanitively  shallow  pit.  from  which  the  wells  are  sunk.  The  jiit  is 
curbed  or  lined  with  concrete.    The  power  is  usually  obtained  through 
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high  pressure,  long  distance  transmission  lines,  from  water-operated 
plants  in  the  foothills  of  the  Sierra  Nevada  Mountains.  In  this  local- 
ity power  is  sold  at  a  flat  rate  of  $50  per  horsepower  per  j'ear,  whether 
the  plant  is  running  or  not.  This  rating  is  based  upon  the  measured 
horsepower  delivered  to  the  motor  when  first  installed,  and  not  upon 
the  nominal  horsepower  of  the  motor.  This  measurement  is  checked 
up  occasionally  by  the  power  comj^ny.     When  power  is  obtained 


V:- 


-I'lMti  I'f  piiinpiiii;  I'ijtm  «i\viu-tt  U\  snuny^ulo  Wutt-r  romiKmy.  INirlor^ville.  Cal. 


uiulcr  tlu's*'  coiuHtioiis  there  is  no  lominon  ground  u^x>ri  which  to  base 
a  comparison  between  the  ruimin<r  oo>t  of  motor  and  gjis-ongine  driven 
plants,  unless  the  actual  nuuil:er  of  hours  of  ruiming  during  the  year 
arc  knt)wn.  Fairly  exact  figures  have  In^on  obtained  from  some  of  the 
plants  on  this  latter  iH>int.  and  tend  to  show  that  the  run  varies  from 
alK>ut  two  thousand  five  Inuulred  hours  in  small  private  plants  to  five 
thousand  lu)urs  in  larger  plants  tiwned  by  water  companies.  It  is 
prt>lKibly  best  to  rate  the  cost  of  raising  l.thHi.txH'  fiK>l-gs»llims.  not  in 
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dollur.-i  iind  cents.  Imt   in  kilowiitt  hoiir.s,  .since  this  ititter  mitt  1ms  a 
(iilfiTciit  piii-e  iti  I'lieii  tttculity. 

Two  testa  were  made  on  this  plant — one  with  the  water  discharging 
at  ix)int  No.  2,  and  another  at  jwint  No.  1.     The  results  are  a.s  follow>: 

'J'etl  of  plant  No.  10,  Hunnytidt  Walrr  Otrnpuny,  tit  point  No.  i,  May  IS,  1904. 


Time. 


t.« 

Mil 

4.15 

*» 

4.46 

6.00 

M5 

SJO 

MS 

e.go 

ATer*Kv 


Revdlu- 


nis- 


head. 


875 
(i75 
875 

877 
974 

tnh 
flfitl 

876 
876 
875 

874 


FM. 

125.8 
riS.3 
125.  H 
125.8 
125, » 
125. » 
IZ5  3 
125.3 
125.3 

lavs 

1-2.5.3 


125.3 


KilowalU. 

8iii'li«ii 
hiad. 

Totol 
head. 

Gallons 
minute. 

Uydrau. 
lie  home- 
power. 

Meter  A. 

Meters. 

Pttt. 

fM. 

27.8 

163.6 

ns 

16.1 

14.5 

13 

27.9 

1.53.2 

iw 

15.2 

13 

12.6 

28.3 

153.6 

388 

14.3 

13.5 

14 

1».3 

153.6 

»8 

15.3 

13.75 

13 

liri.5 

1.S3.8 

<W 

15.4 

14 

IS 

2H.3 

153.6 

188 

15.3 

13.75 

12.75 

28.8 

153.6 

388 

14.8 

13.75 

12  5 

27.8 

l.-^.l 

V» 

14.7 

13.75 

12.5 

28.3 

1.53.6 

MS 

14.  <t 

13.75 

12.5 

28.3 

153.6 

888 

14.8 

13.75 

1Z5 

28.3 

153  6 

isa.s 

888 

14.8 

13.75 

12.75 

2H.2 

368 

16.11 

2&67             1 

Electrlc- 
nlhon*- 
|>ower. 


3<'>.» 
34.2 
36.9 
8,5.7 
86.2 
36.5 
3.5.2 
35.2 
36.2 
35.2 
35.5 

86.61 


The  fombined  efiieiency  of  motor  and  pump  i.s  A'l  per  cent.  The 
mean  power  used  during  the  test  was  2»i.o7  kilowatts.  The  useful 
work  in  an  hour  was  3,,"ino,iHHi  foot-gallons;  honec,  the  kilowiitt  hours 
j)er  l,(HKi,linO  foot-gariiiiis  were  7. .■>!!,  and  kilowatt  hours  p«'r  foot-aerc- 
foot,  iJ.4().  It  is  not  known  on  what  horsepower  rating  the  price  of 
power  i.s  paid,  hut  a.-^siiming  it  to  be  the  eleetiicnl  horsepower  inejis- 
ured  on  the  te.st,  :uid  that  the  tinie  of  pninping  is  ti\e  tlioiisaud  hours 
per  year,  we  can  arrive  at  a  rough  estimate  of  what  it  is  costing  to 
piun|)  water  here.  Fifty  dollars  [ler  horsepower  per  year  means  $H7 
per  kilowatt  per  year,  and  taking  live  thnusanil  working  iionis  in  tJie 
year,  we  see  that  the  eost  of  a  kilowatt  hour  on  this  basis  is  1 .  ?A  cents; 
hence,  co.>t  per  l.iMMi.ooo  foot  gallons  =  lo.-Jeents;  cost  |M'r  foot-acre- 
foot  =  3.31  cents.  If  the  hums  uf  running  are  only  2,r>i'i',  the  alx>ve 
figures  will  be  doubled. 

The  results  of  the  te,sl  with  the  wuter  dist-harged  at  jioint  No.  1  arc 
a.s  follows: 

Tat  of  plant  No.  10,  Suniiyside  Wiiler  Com/xiny,  nt  point  No.  I,  Mni/  19,  1904. 


Revolu- 
tions per 

minute 
o(  I'limp. 

Din- 
rliaixr 
head. 

Buellon 
head. 

Tot*] 
head. 

Ciallonn 

per 
mmutv. 

Hydmu- 
lie  horse- 
power. 

Kilowatt). 

Elee- 

tnral 
honie- 
power. 

Time. 

Meter  A.   Meter  B, 

11,10 

874 
(176 
.876 
875 
875 
872 
875 
872 
873 

fM. 
98.1 
98.1 
98.1 
98.1 
98.1 
98.1 
98.1 
96.1 
98.1 

flrrl. 
29 

29.5 
29.5 
29.5 
29.5 
29.5 
'29.6 
29.6 
29.6 

FM. 
127.1 
127.6 
127. 6 
127.6 
127.6 
127.6 
127.7 
127.7 
127.7 

478 
478 
478 
478 
478 
478 
478 
478 
478 

15.8 
15.4 
15.4 
15.4 
15.  t 
16.4 
15.5 
16.6 
16.5 

16.4 

13,6 

13.6 

14 

13 

13.25 

13.75 

13.25 

13.6 

18.75 

12.6 

12.5 

13 

12.3 

1-2.28 

12 

11.75 

12 

11.75 

84.8 

u,ja 

34.8 

11.80 

0,I6 

38.2 
33  9 

I1JS0 

34  2 

nn,... 

84.6 

It,  to 

83  6 

ItM 

84.x 

r^.....  ..... 

81.2 

Artage.. 

874 

98.1 

29.  S 

137.8 

478 

28.72 

84.6 
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The  combined  efficiency  of  motor  and  pump  is  45  per  cent.  The 
mean  power  used  for  the  test  was  25.72  kilowatts,  and  the  useful  work 
done  in  an  hour  is  3,470,000  foot-gallons;  hence,  kilowatt  hours  per 
1,000,000  foot-gallons,  7.41;  and  the  kilowatt  hours  per  foot-acre-foot, 
2.4.  Taking  the  j'ear's  run  at  five  thousand  hours  we  have:  Cost  per 
1,000,000  foot-gallons,  9.9  cents,  and  cost  per  foot-acre-foot,  3.2  cents. 


Fig.  15.— Flan  of  pmni.iiiK  [ilam  owncil  hy  .Mr.  Hull,  l.iiulsay,  Cal. 

Phmt  X,..  7/.-This  plant,  owned  hy  Mr.  Hall,  Caledonian  Colony 
Luuisay,  San  Joaquin  Valloy,  Cal.,  coii.sist.s  of  a  lU-hor.sepower  inducl 
tion  motor,  7,'J(M)  alternations,  ^-pha,.,',  2..0  volts,  1,12U  revolutions 
per  minute,  and  a  No.  4  single- runner  liorizontal  centrifugal  pump, 
with  lulet  and  outlet  pipes  4  inche.s   in  dia.neter;  diseharge  pipe  6 
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incho.><  in  dimuctef,  with  u  slniijifht  risf;  to  \)ox.  There  i«  one  suction 
pip*',  6  iiu'hi's  in  disitneter,  iiiul  one  check  valve.  The  pump  i,<  direet- 
eonnected  to  motor  (Hg.  15).  The  wiitor  i.s  measured  over  n  i!4-inc}i 
Cipollctti  weir,  put  in  for  test  luid  loft  in  pliiee.  The  statie  head 
above  pump  ix  "ifJ  feet  (measun'd),  tbe  .static  iiead  Uelow  pump  13  feet 
'2  inche.-i  (measured),  tlu'  totiil  lift  31t  feet  2  iuehes.  Thi.s  jiiuiit  is  well 
arranpfed  except  for  the  cheek  valve  in  the  suction.  The  results  of 
the  test  are  given  in  the  followinuf  tiible: 

TVjrf  ufjtiaiit  .Vo.  /;,  NnU'g  (.\iUdoninn  Colnny,  Mnij  M,  1004. 


» 


Revohi- 
tinliH  (NT 

minute 
ufpump. 

Dl«- 
chargi.- 
head. 

.Suction 
bead. 

ToUl 
head. 

ilalloDif 

Hydrau- 
lic horse- 
power. 

KilowatU. 

Kleclrlr- 

Time. 

ner 
minute. 

Meter  A. 

Meter  H. 

ttl  hone- 
power. 

4.110 

1.188 
1.180 
1.I9& 
1.190 
1,190 
1.188 
1.180 

Feel. 
■M 

28 
26 
26 
26 
2« 
28 

fhtt 
20.2 
30.4 
20.4 
20.4 
20.6 
20.8 
20.8 

Ftft. 
46.2 
46.4 
46.4 

3,86 
3.83 
3. 85 
3.8,^ 
3.86 
3.80 
3.80 

2.96 

2.9» 

3 

3 

8 

3 

2.96 

9il 

4. 46 

9.1 

S.0O 

9.2 

BlU 

46.4 
46.6 

9.2 

Mo::::::::::::. 

9.2 

,V4t 

46.8 
46.8 



9  1 

6.0J 

( 

1,U9 

2« 

20.A 

46.& 

426 

6.t» 

C81 

9.13 

The  comhined  efficiency  of  niotof  utnl  jxuup  i>  ."i.V  per  cent.  The 
mean  power  used  for  the  test  was  t>.sl  kiiowtitts,  and  the  usefnl  work 
in  an  hour  wa.s  .s";3,i«h)  foot-jfallon.s.  Hence  the  cost  is,  kilowatt 
hours  per  l.OiKi.iMio  foot-jrallDns,  7.H;  and  kihiwatt  hours  per  foot- 
acrc-foot.  2. .5:5.  A  (tliint  of  this  sort  woulil  pi-ohnhly  not  run  uuich 
over  3,(M)0  hours  in  ihe  year.  On  this  ha.sis  a  kilowatt  hour  wouhl 
co.st  2.23  cents  when  paid  for  at  §50  per  horsepower  p-r  yenr.  and  we 
lind:  Cost  per  l,(i(U(,()(io  foot-t.'alloiis,  17,4  cent.s;  I'ost  [M>r  foot-acre- 
foot,  5.6-1  ceiiLs.  The  performance  of  this  plant  is  hetti'r  than  that  of 
No.  10.     It  i.s  well  desijfiied  and  gi\-es  an  excellent  etfieienoy. 

I'f'Dif  Xo.  12. — The  plant  ownetl  hy  Miss  Uuhy  .Inhiison,  near  l.,ind- 
.say,  Sjin  Joa(|uin  Valley,  con.sists  of  a  lO-horse[)owi'r  imluctioii  motor, 
7,2tMi  alterriiitions.  i!-phii.se,  2O0  volt.s,  1,121)  revolutions  ja-r  minute, 
and  a  No.  S  siiij^-le-runncr  horizontal  cen(rifu<ral  jninip.  with  inlet 
and  outlet  openings  'A  inches  in  diauieter.  There  is  it  stniight  lift  to 
"lee"  near  Hume.  There  are  two  .suction  pijie.s.  5-inch  outside  diam- 
eter ciLsing.  one  dir«»ct  from  puttip  suction  and  the  other  cotuieetetl  hy 
side  outlet;  one  (i-inch  atul  one  lo-inch  well.  The  pump  is  direct 
connected  to  motor.  The  water  is  jTieasured  (»ver  an  s-inch  CiiK>lletti 
weir,  already  in  place,  atul  useil  for  the  test  after  small  ulteration.s. 
The  .stiitic  head  ahtive  the  piim|>  is  53  feet  (mesusured);  I  he  static  head 
1m"1ow  the  pump,  2!t  feet  (measured);  the  total  mean  lift,  S2  feet.  The 
results  of  the  l«'st  arc  as  follows. 


1 
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Tesl  ofpkaU  So  Jg,  owned  by  Afm  Ruby  Johnson,  May  gS,  1904. 


Time. 

Revolu 
tlotwper 

minute 
of  pump. 

Dis- 
charge 
head. 

Suction 
bead.  . 

Total 
head. 

ll.(B 

.      1,184 
.      1,184 
-i     1,176 
.'     1,178 
.     1, 178 
.     1,167 
.1    1,178 
1,181 
.1    1,180 
.      1,180 

Feet. 
53.5 
53.5 
53.5 
63.5 
53.5 
53.5 
53.5 
53.5 
53.5 
63.5 

Ful. 
28.9 
28.9 
28.8 
29.0 
28.9 
28.9 
29.8 
29.4 
29.4 
29.4 

FM. 
82.4 

11.15 

82.4 

11.30 

82.3 

11.40 

82.6 

11.60 

82.4 

12.00 

82.4 

12.10 

12.20 

82.8 
83.9 

12.30 

83.9 

12.40 

83.9 

Average . 

.      1,172.6 

53.5 

29.1 

82.87 

„    „         I  „     ^  KIlOWHtlS.  i 

Oallons  Hydrau- 1 i  Elcctric- 

per      lie  horse-,  al  horse- 

minute-    power.  I  Meter  A. '  Meter  B. .  power. 


110 

1 

106 

106 

102 

102 

102 

106 

102 

102 

102 

104 

2.18 

Fig.  16.- 


-PIhii  of  pumping  plant  ownt*d  by  LindMuy  Water  and 
Dcveldpincnt  Company. 


3.25 

3.00  1 

8.;«) 

3.02 

3.80 

3.08 

3.30 

3.00 

8. 32 

2.92 

3.30 

8.00 

8.85 

2.95 

8.37 

2.95  1 

8.38 

2.95 

3.35 

2.95 

8.38 
8.45 
8.44 
8.45 
8.88 
8.44 
8.45 
8.48 
8.48 
8.44 


8.44 


The  combined  efficiency 
of  motor  and  pump  i.s 
26  per  cent.  The  mean 
power  used  for  the  test 
was6.3  kilowatts, and  the 
useful  work  done  in  an 
hour  is  507,1)00  foot-gal- 
lons; the  kilowatt  hours 
per  1,000,(X>0  foot-gal- 
lons, 12.4;  and  kilowatt 
hours  per  foot-acre-foot, 
4.03.  Ill  this  plant  the 
suction  lift  is  altoj^ether 
too  high.  When  so  high 
as  this  a  vacuum  ma}' 
form  in  the  runner  which 
causes  an  immediate  fall- 
ing off  in  efficiencj'.  Lab- 
onitoiy  tests  have  shown 
that  this  vacuum  ma}' 
form  long  before  a  gauge 
connected  to  the  suction 
elbow  .><hows  a  vacuum. 
High  suction  head  also 
induces  leakage  of  air  at 
the  stuffing  box.  It  ap- 
pears also  that  the  pump 
is  running  below  speed, 
l,21it  revolutions  per 
minute  being  much  more 


nearly  the  proi^er  speed.  In  such  direct  connected  pumps  this  can 
not  be  altered.  A  pump  as  small  as  this  can  not  be  expected  in  any 
ca.Hc  to  give  an  efficiency  comparable  with  .^-inch  and  (!  inch  pumps. 


TESTS    «»F    PUMPS    AND    I'I'MI'INO    PLANTS. 


219 


Plant  Nil.  13. — Tliis  [ihjnt  is  tiwricfl  h\  tlic  Ijindsav  Wsitcr  ;uul 
Development  Coiiipiiiy,  near  Lindsay,  in  tln'  San  .loiujiiin  Valley  (lig. 
16).  It  consists  of  a  50-hor.sepower  indiifti()n  motor,  2-phaae,  2,iX)0 
volL"*,  k30  revolutions  jxm-  inimiti' — 7.i!('0  uUi'niations;  ami  n  No.  li 
sinfjlc-nuint'r  horizuntal  ci'n(rifugal  pump,  willi  inlet  and  outlet  open- 
\ngii  6  inchi's  in  diameter;  diwliarire  pipe  s  Indies  in  diameter,  with  one 
ellM»w  to  dit<'(i  and  thix-e  elltows  to  weii'  box.  Difl"u<er  on  end  of  dis- 
eharye  line.  Tiiere  are  two  suction  pipits,  one  8  inches  in  diameter 
directly  from  well  to  suction  ellww,  and  one  4  inches  in  diameter enter- 
injr  by  side  outlet  from  well '24  feet  away.  The  pump  is  direct  i-on- 
neeted  to  motoi'.  Tlie  water  is  u»easured  over  a  '_'<)  inch  (.'ipoUotti 
weir,  already  in  place  at  time  of  test.  The  static  head  alxjve  the  pump 
is  44  feet  <)  riiclies  (meusiircd);  flic  static  head  lielow  pump.  U*  feet 
(e.stimated);  the  total  menu  lift,  (,};}  feet  (I  inches.  The  results  of  this 
test  can  not  He  given  full  credit,  lus  it  was  afterwards  discovered  that 
an  elbow  or  some  sort  of  fitting  was  attached  to  the  inside  end  of  the 
pipi"  to  which  the  pressure  •;auge  was  attjtched.  This  tittinij  was 
dire<'ted  downward  so  as  to  receive  the  impact  of  the  diseharifing 
stream,  and  tlierefore  caused  the  pressure  ^jatige  to  read  s|i>,'h(ly  too 
high  by  an  amount  not  greater  l.liaii  the  velocity  he^ui.  It  Wiis  not 
possible  to  remove  this  without  taking  down  the  discharge  pipe. 
However,  as  the  velocity  head  ilid  tmt  amoiiivt  \u  more  than  2..J  feet. 
and  as  the  etfect  ujxm  the  gauge  was  probably  less  than  this  amount, 
the  efficiency  test  is  inserted.  The  etfect  of  the  elbow  would  be  to 
increase  the  a|>parent  efficiency  of  the  piunp  as  based  on  gauge  read- 
ings, l)ut  to  lower  ihe  act  mil  ellicieiicy  of  the  plant  by  obstructing  the 
flow.  The  pump  was  .so  arranged  as  to  be  raisetl  and  lowered  on  a 
cage  within  the  pit.  Sections  of  the  suction  and  discharge  pijjes could 
be  removed  or  iirserled  to  allow  for  this  change.  This  is  an  excellent 
plan  when  the  level  of  the  ground  water  is  known  to  change. 

Two  tests  wcr(>  made  on  this  plant,  fuie  with  the  pump  ))artly  throt- 
tled by  a  gate  valve  in  the  discharge  and  the  other  full  open.  It  is 
understood  that  the  first  of  these  two  corresiwnds  with  the  ordinary 
nmning  conditions.  Tlu>  practice  of  runiung  a  pump  throttled  can  not 
be  other  than  a  wa^tefid  one. 
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The  re8ult8  of  the  first  test  are  as  follows: 

Tert  iif  jilant  No.  13,  Liiid*nii  Walrr  ami  I^eitlopmrnt  Company,  pump  throllli-tl, 

Mn]i  e4,  1904. 


Bevolu- 
Uoiuper 

minute 
otpump. 

chiuce 
he«d. 

Saotiou 
head. 

ToUll 
Iie*d. 

(hillniie 

Hyrlreu- 

Kllowniu. 

EleclriciU 

Time. 

»^-'>ii^. 

Meter  A. 

Meters. 

hone- 
power. 

10.00 

803 
363 
864 
8(4 
864 
864 
864 
864 
864 
864 
864 
N64 
864 
MM 

Fett. 

74.1 
73.8 
78.5 
73.5 
73.5 
72.7 
72.7 
72.7 
72.7 
72.4 
72.4 
72.5 
72.5 
72.4 

19.6 
19.8 
19.9 

ao.3 

20.4 

2a6 

20.6 

20.6 

20.6 

2U.8 

21 

21.1 

21.1 

21 

/W. 
98.7 
93.7 
93.5 

93.  ri 
93.9 
93.3 
93.3 
9S.3 
113.3 
98.2 
93.4 
93.6 
93.6 
98,4 

752 

7.'i0 

-na 

7«7 
767 
767 
767 
767 
767 
767 
767 
767 
7«7 
767 

7.76 
7.  SO 
7.50 
7.  SO 
7.80 
7.60 
7.50 
-.M 
7.52 
7.62 
7.30 
7.78 
7.78 
7.80 

1175 

13 

18 

13 

18 

13 

13 

13. 2U 

18.20 

IS 

13 

13 

IS 

IS 

27.3 

io.or> 

27.5 

10. 10 

27. 5 

10.  If) 

27,6 

10.20 

27.5 

10.2.1 

27.5 

10.  ao 

lU.Sfi 

27.6 
27.8 

10.40 

27.8 

10.  l.-i 

10.  fW 

27.8 
27.2 

10.55 

27.8 

11.00 

27.8 

11. W 

27.9 

Average.. 

864 

72.9 

20.6 

93.5 

788.1 

18.  W 

30.58 

27.98 

f 


The  comhiiied  eflicienev  of  motor  iiiul  piinip  is  fio  ]ier  cent.  The 
mean  powfr  as»>d  for  tlie  test  was  20.S.S  kilowatt.^,  and  the  useful  work 
(lone  in  iiii  hour  i.><  2,1I10,0(K)  foot-fjjillon.s.  Heiiee,  kilowatt  lioitr.s  per 
l,U(iU.(Min  foot-{fiill(jiis,  7.1;  kilowatt  hours  per  foot-acre-fout,  2.8. 
If,  however,  the  pump  had  been  workiiifr  on  a  houa  lide  head  of  nlKJut 
Wi  feet  a.s  .sliowii  liv  the  jfaii^fes,  instead  of  wastiiij;  •i>*  feel  by  throttlini,', 
we  should  iiave  Inid  -l.K-{n,(M>o  foot-jfailons  of  work  in  an  hour,  and  the 
expenditure  wouhi  have  l>eeii  t)idy  ."»  kilowatt  honrs  per  l.noo.oui) 
foot-irallotr.s.  and  l.tlii  kilowatt  liour.>*  per  foot-aere-foot.  The  time 
dnrinij  which  thi.s  phmt  is  operated  averages  for  tlie  past  three  years 
almost  exactly  live  thousand  hours  per  year.  It  is  not  known  upon 
wiiat  horsepower  nitinj^  the  (■har«re  of  >fv")0  per  year  is  based,  but  iissunr- 
ing  it  to  l»e  the  same  as  jriven  in  the  test,  the  eost  of  openitinj^  llie 
pump  in  it.s  throttled  condilion  is  ',)..t  rents  per  1,<m_mi,0(Hi  fnot-jjaltons, 
(U-  li.OS  i-cnts  |M'r  fout-aei'e-foot. 

The  results  of  (he  second  lest  arc  as  follows: 

Trfl  II  f  pill  id  So.  IS,  LindiHiv   Wnlrr  iiiul  1  hiflopmenl  Com/mny.  jnimp  full  opm, 

Mnij  i!4,  >!>04- 


Revolu- 

Di»- 

GnUims 

Hydrnu- 

KilowAIUi.         1   Elee- 

uf  pump. 

tSS!"   ■^i!-^"' ,  ''-3' 

mlniitv. 

lii'hor»e- 
imwer. 

Meler  A. 

Meters.   ^^^ 

U  35    

8M 
(64 

43.6 

43.6 

27-1 
27.2 

70,7 
70.8 

1.123 
1,123 

10 
«.5 

18.5        34  3 

15.5        33.5 

Avenge.. 

804 

43,6 

27.15 

70.78 

1.123  1       20.15 

28.38                   83.88 

» 


The  ci>ml)ien'd  effieiency  of  motor  and   [)ump   is  ti'J  per  lent.     The 
mean  power  used  for  the  tcsl  was  'i.b.lli  kilowatts,  an<l  the  useful  woi 


I 
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I 
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done  in  an  hour  4,300,000  foot-gallons.  Hence,  the  kilowatt  hours 
per  1,000,000  foot-gallons,  5.87;  the  kilowatt  hours  per  foot-acre-foot, 
1.9;  and  at  five  thousand  hours'  run  per  year  the  cost  per  i,000,CMK) 
foot-gallons  is  7.0  cents;  the  cost  per  foot -acre-foot,  2.56  cents.  Noth- 
ing could  show  more  clearly  the  evils  of  throttling  a  pump.  The 
plant  otherwise  gives  a  remarkably  high  eflSciency. 

Plant  No.  H. — The  plant  owned  b}-  Norcross  &  Crane,  Liiidsjiy, 
Cal.,  in  the  San  Joaquin  Vallej',  consists  of  a  7.5-horsepower  induction 
motor,  2-phase,  2(X>  volts,  7,200  alternations,  1,120  revolutions  per 
minute,  and  a  No.  3  single-runner  horizontal  centrifugal  pump,  with 
inlet  and  outlet  openings}  3  inches  in  diarycter;  discharge  pipe  Cinches 
in  diameter  throughout;  one  3-inch  check  valve  and  taper  connections. 
It  ha.s  direct  discharge  into  box  without  elbows,  and  no  diffuser. 
There  is  one  suction  pipe  6  inches  in  diameter,  40  feet  long;  pit  8  feet 
square,  31  feet  deep.  The  pump  is  direct  connected  to  motor.  A 
16-inch  Cipolletti  weir  was  used.  The  static  head  above  pump  is  30 
feet  6  inches  (measured):  the  static  head  below  the  pump,  11  feet 
(estimated);  total  mean  lift,  41  feet  6  inches.  The  results  of  the  test 
are  as  follows: 

Text  of  i>litiil  Xo.  14,  oii'ne'l  '»;/  Xorrntsu  A-  ('ruin:,  ilnii  J'>,  /M4. 


Time. 


Revoln- 

I   miniili- 
of  pump. 


2.45 

2.65 

3.00 

8.10 

3.20 

3.30 

S.« 

3.50 

4.00 

4.10 

4.20 


70  I 


Average . 


1.170 
1.170 
1.175 
1,170 
1.172 
1.165 
1. 1«5 
1.165 
1,105 
1,165 
1.165 


c'hurKi' 
hfud. 


/■yet. 

31.1  I 

31.1 

31.1  I 

31.1 

31.3  ' 

31.3 

31.3 

31.3  ; 

31.3 

31.3  ' 

31.3 

31.2 


.Auction 
head. 


Feel. 
13.1 
13.3 
13.3 
13.3 
13.4 
13.2 
13.2 
13.3 
13.3 
13.4 
13.5 


Tr,t„i    Oall(in.«  llydntii-  

head         I*'      '"■  ''""'^•i 
'"•""•  minute,    power.     M 


Fret. 
44.4 
41.3 
44.3 
14.3 
14.7 
41.3 
41.3 
41.6 
44. « 
41.7 
41.8 


252 
252 
■252 
252 
252 
252 
252 
252 


Kilowatts. 

Kh^.- 

trieal 

eter  A. 

•Meter  B. 

hor>e- 

2. 15 

2.475 

6.71 

2. 15 

2  .W 

(•..■23 

2. 15 

2.50 

6.23 

2.20 

2  52 

6.3:1 

2. 15 

2.  .52 

6.27 

2. 15 

2. 55 

6.30 

2. 15 

2.50 

6.2:1 

2.17 

2.525 

6.29 

2. 125 

2.  .525 

6.29 

2. 125 

2.  .525 

6.29 

2. 13 

2.  .525 

t!.24 

l;t.3       4t.  IX 


6.314 


The  combined  efficiency  of  motor  and  pump  is  45  per  cent.  The 
mean  power  u.sed  for  test  was  4.(')7  kilowatts,  and  the  u.seful  work, 
627,500  foot-gallon.s  jx'r  hour:  therefore,  the  kilowatt  hours  per 
1,000,000  foot-gallon.-<  were  7.4,  and  the  kilowatt  hours  per  foot-acre- 
foot,  2.42.  The  numljer  of  hours  run  in  a  year  is  about  two  thousand 
.si.x  hundred  in  this  plant,  hence  the  cost  of  a  kilowatt  hour  is  2.5S 
cents,  the  cost  per  l,O<,t0.()(»0  foot-gallons  is  1!>.2  cents,  and  the  cost  jwr 
foot-acre-foot  t».2<!  cent^.  The  arningenient  of  machinery  is  here  good, 
though  a  diffuser  on  the  di.schaige  might  have  helped.  The  results 
are  fair,  but  show  clearly  the  lower  efficiency  of  the  smaller  pump, 
other  things  being  etjual. 
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Plant  Ifo.  1').  The  ])l!mt  iit  thi>  IVyton  stntion  of  lh«>  TiMiicscul 
Wator  Coiii[>aii_v ,  Etlioimi',  Riverside  Ctmnty,  (*iil.,  consists  of  u  40- 
horseiwwer  liuluetion  motor.  "iH  i-vfjes.  :-t-[ilmht',  2'2(t  volt.s,  750  revo- 
lutions per  niiniili!;  Lliiiini'tvr  of  imlli-y,  l(i  iiichi's;  lii-incli  hi'lt,  iiikI  a 
triplex  [iliiiij^er  pump,  witli  three  plungers  14  inebes  in  diiiiiieter;  l.")- 
ini'li  stroke;  pulley  ."jO  inches  in  diftiucter;  (iistharge  pi|>e  12  iiiehes  in 
diiimeler.  one  elbow  iind  one.  eheck  valve;  three  suctions— one  7-iuch 
suction  to  well  No.  1.  one  lO-iiii'li  suction  with  M-inch  side  outlet  tn 
well  No.  2,  one  8-ineh  continuation  to  well   No.  3  (see  Hjf.  IT).     The 


M«t>»  ^flty 


Fia.  17.— PI«n  of  rpylnii  i.iimpliiK  [iIbiiI  bfliiii({li)»f  !<■  Timiu-mhI  Wniir  <  .irnimti; 


pump  is  belted  direct  to  motor.  A  .Vi-inch  reetanfjular  weir,  vvitli  stee- 
edijjes,  WHS  ulreiuly  in  place  at  time  of  test.  The  static  head  above 
pump  is  14  feet  (measured);  the  .static  head  below  pump,  '22  feet  (meas- 
ured): the  total  lift,  '.W  feet.  Here  we  have  a  plant  similar  to  that  at 
Corona  (Plant  No.  !t),  but  with  a  low  lift.  The  mi>asured  disehurj^e, 
1,232  fjallons  \wr  iniiuite.  does  not  check  with  the  pnmp  displncement, 
l,4n."i  j,'allons  per  minute.  The  results  of  this  test  are  given  in  the 
table  fidlowinjj. 


I 
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Time'. 


N.4.'>.... 
8.  .V). . . . 
9.00.... 
9.10.... 
9.».... 
9.30.... 


Tent  ofplaul  Xo.  l.'>,  Teme*cal  Water  C'ontjxiiiji,  Peyton  Mntion. 


Avvmgv . 


Revolu- 
tions p«.'r 
minute  of 

Dl«- 
ohaive 
head. 

F,.1. 

50 

22.4 

.V) 

22.4 

»0 

22.4 

.TO 

22.4 

.->o 

22.4 

.w 

22.4 

.V) 

2i.4 

Snetlon 
head. 


I  I 

T,.i„i    Gallons  Hydniu- 

neaa.   n,fn„,ei  power. 


KllowatU.        '   ,      ^     , 

Electrical 

I  I    horse- 

Meter  A.    Meter  B.     power. 


I 


Ffrl. 
2B.S  ' 

Fett. 
46. 2    ■ 
46.2 
46.2 
46.2    : 
46.4     ' 
46.4    ; 

46.27  1 

1 

3.  SO 

23.8  1 

3.W)  i 

23.  S  ' 

3.70  1 

23.  K ; 

3.70  1 

24 

3.70 

24      1 

3.70 

1,232 

14.4 

23.9 

17. 

U.2 

24.1 

14 

■23.9 

13.9  , 

23.6 

13.8  : 

23..'> 

13.7 

23.3 

13.7, 

23.3 

1 

23.61 

Fi(i.  IS.— I'liiii  <>l  pumpliiK  pliint  K.  belonging  to  Tcmescal  Wntcr  Company. 

The  ooiiibiried  efliciency  of  motor  and  pump  i>>  (>().!>  per  cent.  The 
mean  power  u.sed  for  the  test  was  17.62  kilowatts:  the  useful  work 
done,  2,661,000  foot-gallons  per  hour    therefore  the  kilowatt  hours 
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per  l.fHX'.'KHi  ff>ot-pilloii.s  were  0.63;  the  kilowatt  boui-s  per  f(X» 
acre-foot,  2.15.  The  ivsulLsof  this  te.st  :r.how  tiiat  the  triplex  plunger 
pumps,  even  when  designed  for  the  purpose,  do  not  work  at  their 
Ih'sI  on  head.^i  so  low  as  this.  The  same  i.s  liorne  out  by  the  lalwratory 
tests  on  small  pumps  of  this  type.  The  instjillation  is,  nevertheless, 
a  most  excellent  one.  All  the  plants  of  the  Teniescal  Water  Company 
arc  supplied  with  electric  power  from  a  centnd  station  owned  by  the 
company.  It  is  undcrstwjd  that  the  cost  to  the  company  for  fuel  alone 
is  not  above  1  cent  \)er  kilowatt  liour.  To  this  of  coui"se  nmst  be  added 
the  cost  of  labor,  tiixes.  and  depreciation  of  plant,  etc.,  which  will 
proJMibly  raise  tlie  <'Ost  to  2.25  cents.  On  this  >upix)siti(in  the  figures 
become:  Cost  per  l,iXK»,(MX>  foot-gjillons,  15.15  cents:  cost  per  foot- 
acre-f«>ot,  4.91  cents. 

I'/tiiif  No.  76'.— The  equipment  at  station  E  of  the  Temescal  Water 
Company,  Ethenac,  Riverside  County,  Cal.,  consists  of  a  20-horse- 
powi  r  iii<lucti«>n  motor,  (j.O(M)  ulteniutinns,  :^-phase,  2(M)  volts,  930 
revolutions  per  minute;  pulley,  11  iticlics  in  diameter;  8-inch  l>elt; 
and  a  No.  5  single-runner  vertical  centrifugal  pump,  with  inlet  and 
outlet  openings  5  in»hes  in  diameter:  discharge  pijw^ '.» inches  to  elbow, 
then  12  inches  to  cunid;  one  0-inch  check  valve  and  tjijier  connection; 
thi"ee  suction  pipes;  one  0-inch  suction,  5-inch  side  outlet  to  well  No.  1; 
one  5-ineh  continuation  to  well  No.  2;  one  6-inch  pipe  to  well  No.  3; 
pulley,  is  inches  in  diameter  (fig.  18).  A  2n-iii(h  rectangular  weir 
was  already  in  place.  The  static  head  alnjve  the  pump  is  31  feet 
(measured):  the  static  head  l>elo\v  the  pump,  22  feet  (estimated);  the 
total  nicaii  lift.  53  feet.  In  this  station  we  ha\e  a  vertical  centrifugal 
pump  belted  to  a  motor.     The  result.s  of  the  test  are  as  follows: 

7>jrf  of  plant  No.  10,  Teuiacal  Water  Cbmpany,  Station  E,  June  16,  1904. 


Revolu- 
lion»  YKt 

uioute 
OF  pump. 

600 
600 
565 
595 
5S>5 
586 
&(«6 
586 

l>i*. 
rliarEe 
Head. 

Suction 
bead. 

Total 
bead. 

Oall«n.o 

Hvilreu- 

Kllowatla. 

Elei'trio- 

Time. 

UIC.       »**" 

Meter  A 

Meters. 

al  horse- 
power. 

Xl.OO 

».6 
38.6 
S4.8 
11.8 
M.8 
M.S 
M.8 
MS 

2S.2 
22.7 
22.7 
22.7 
22. » 
22.9 
22.  U 

n 

U.9 
S«.3 
.»i7.5 
57.5 
57.6 
57.7 
57.7 
57.8 

10.  S 
10.7 
10.7 

5.06 

21  2S 

11  10 

21  06 

11,20 



21.05 

11.90 

21  45 

1|.«0 

21  45 

11.45 

21.45 

11.80 

■•1,45 

12.00 

21.46 

Average. 

i^i 

M  b 

22.9 

S7.1 

5M  1         7.92 

IS.  91 

21.22 

The  combined  efficiency  of  motor  and  pump  is  37  per  cent.  The 
mean  power  used  for  the  test  was  15.!tl  kilowatts,  the  useful  work  per 
hour,  l,730,(Mto  foot  gallon;.;  hence,  kilowatt  hours  jier  1,(KX),01K>  foot- 
gallon.s,  9.1?t:  kilowatt  hours  jier  foot-acie-fnot.  2.'.tS.  The  low  effi- 
ciency of  this  pum|t  appears  to  he  due  to  tlie  fact  that  it  is  runnmg under 
speed  for  the  particular  head  exi.'^ting  at  the  time  of  the  test.     .Vecord- 
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ing  to  the  uianiifaftiirer's  cataloufiu-  thi.-i  i)imip  should  huve  run  H70 
revolutions  per  niimito  at  no-foat  heiid. 

The  Toniosful  Water  ( 'iniiimtiy  has  four  other  piunpincj  stations  in  tlio 
iniraediatc  viritiity,  known  as  stations  No.  1,  No.  2,  No.  4,  and  iiowor- 
house  station,  An  ntteuipt  was  niiule  to  tetst  No.  iJ  and  No.  4,  but  it 
wa.s  found  that  the  jiowpr  was  lieyond  tht>  ranjje  of  the  wattmeters. 
Data,  however,  were  ohtained  from  tlie  enjfineer  in  eharjji>.  on  the  per- 
formance of  live  uf  the  wbitions,  as  read  on  their  recordinif  wattmeters 
and  weir  <jauires.  Those  are  all  centrifugal  stations  with  .^-iiieh 
pumps,  and  -tii-horsepower,  '220-vult  motors.  The  data  furnished  by 
the  engineer  are  given  in  the  following  tables: 

Record*  of  I'll  iiijut  itj  Tniiiftiil  H'liJfc  I'omjmmj. 
APRU,  19-26.  IDW. 


T \ 

"'"       infniil«. 


US  ,       1,41& 
USH  1.416 

](W  1.S3(> 


M 
H» 

AO 


boun. 


Mfsn 
kllo- 


11,519.000  20.94 
n,33S.00O  37.70 
t.SM.OOOl    28.90 


loiw  per     ,  A„  „„        piT 
hour,      l'-?™;,       to<)t-«cr»^ 

g.Uon..        '""'• 


S,  066, 000 
4, 24a,  000 
4,008,000 


6.86 
8.fttl 
7.21 


APRIL  2fr-M AY  S,  IKM. 


MAY  .S-10. 1901. 


Z.«8 
XS4 


n»t« 

!    ,« 

1,415 
l.SSS 
1.192 

56 
SO 
10 

S.  465. 000 
6,207.000 
4,698,000 

20.62 
38.96 
27,90 

3.066,000 
4.006,000 
5.675,000 

6.75 
9.22 

2.19 

JST.::;:::;::: 

JUPki^ 

::::::1    IS 

199 
2. 54 

1    ^ 

Peyton. 
Ko.1... 
KO.S... 
Me.  4... 
K„ 


Porton. 
Ko.i... 
Kg.2... 
Ka.l... 
B 


I<W 

1,390 

n 

500 

16tt 

l.ifiS 

168 

1,250 

"«( 

564 

3A 
M 

50 
M) 


3,160.000 

20.00 

1.205.000 

15.22 

6,147,000 

u.m 

4.542.000 

77.04 

1,600.000  j 

17.  «0 

1,008,000 

».6< 

I,«W.000 

8.16 

3.TIIA,OdO 

9.(M 

5.750,(1(11) 

-.?J| 

1,76:2,000 

..(., 

MAY  24-41,  1904. 


121 

188 
165 
l.U 
114 


1.21 

41 

1,186  I 
1.210  , 

488 


56, 

54, 
50  1 
50  , 
fit 


2.aMI,000 

17.90 

1.8<»,000 

11.07 

5.742,000 

•4.80 

4,319.000 

27.3 

i,m,m 

19.40 

2,770.000 

6.21 

1,56.\000 

7.  OH 

5,.'i«().U00 

<j.;>i 

3.63a,(JO0 

7.52 

1,5(16,000 

10.  C6 

2.16 
Z65 
itlS 

2.;« 
3.1.1 


3.02 

2.20 
8.17 
2.44 
8.46 


NO  PATE. 

Pfeyion 

No.1 

Ko.2 

188 

164 

168 

1,390 
4X3 

l.itu 

5111 

16 
54 

50 
53 

1 
3.156.000 
1.779,000 

2.481,000 

20.00 
10.  W 
34.50 
14.78 

3.008,000 
1,566,000 
■i,6K.CUi 
1,621.(100 

6.86 
6.9:1 
7.20 
9.11 

2.1* 
2.25 
2.W 

K 

1(M 

2.V6 

L 

AVERAGE. 

» 

Teytoi 

(LCS 

7.N 
9.87 
7.28 
9.80 

2.16 

KaiT. .....:. 

^ 

2.40 

»o.S 

S.(M 

X0.4 

2.M 

K 

8.18 

30620— No.  16H— 05- 
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Our  own  results  un  I'eytoii  stiitioti  are  6.63  kilowatt  hours  per 
l,0(X).0(tO  foot -gallons,  and  ii.15  kilowatt  hours  per  foot-acre -foot;  and 
on  sUitiuti  K  arc  t*.l!'  kilowatt  liour^i  per  1,0()().(m)()  fnot-jrallons,  and 
2.98  kilowatt  hour*  per  foot-aere-foot — a  very  fair  agreement. 


PLANT.S   USING    STEAM    KNOINE.S. 

I^iiiit  No.  17. — The  plant  owned  l)y  (>.  F.  Von  Dorsten.  near  Camp- 
bell, in  the  Santa  Clara  Valle\%  eonsints  of  a  7iJ-lKir.-*eptjwer  steam 
engifie;  a  tire-tube  boiler  5-t  inche.H  in  diameter,  16  feet  long,  pressure 
95  pounds,  uil  pump  "i  by  2  by  3  inches,  with  feed  puuip  4i  by  3  by 
4  inches,  feed- water  heater;  temiwniture  of  feed  water,  ISO-  F. ;  a 
No.  6  single-runner  vertical  centrifugjil  pump  with  inlet  and  outlet 
o|>enings  t;  inches  in  iliameter;  discharge  pipe  H.Ti  inches  in  diameter 
to  vertical  standpipe  :J..">  feet  in  diameter;  pulley  Is  iiudies  in  diame- 
ter; pump  direct  ljelt<'d  with  ipiarter-turn  belt;  centers,  35  feet  9 
inches.  Balanced  slide-vah'e  t'ligiiie,  with  cylinder  \-l  by  20  inches; 
speed,  150  revulntitms  per  miiiule;  pulley,  S  feet  in  diameter;  belt,  12 
inches.  A  30-inch  rectangular  weir  was  used.  The  static  head  above 
pump  at  {Ktiut  No.  4  is  SO  feet  6  inches  (measiuvil):  static  head  below 
pump,  S  feet  (tueasured):  (he  tntal  meau  lift  at  point  No.  4,  Ss  fivt  •» 
inches.  In  this  steam  plant  the  general  arrnngement  of  engine  and 
pnuip  is  (|uite  similar  to  the  gusoliue  plants,  and  r(H)uircs  no  further 
ili'scriptiun.  The  pump  discharges  tntu  a  tall  ftandijipe,  from  which 
a  pipe  line  cunducts  the  water  to  various  outlet  points.  No.  4  being 
the  farthest  removed  aial  Nos.  3,2.  and  1  being  successively  neai'er  to 
the  pump.  There  seems  to  be  no  possible  use  for  the  standpipe  as  an 
aid  to  conducting  the  water,  but  it  was  useful  in  the  test  itself  as 
furnishing  an  actual  nn-asure  of  the  lift.  Hy  this  means  the  frictional 
resistances  of  a  long  pipe  line  are  not  charged  against  the  plant  iu  tlie 
calculation  of  its  power  value.  Since  the  fuel  test  was  nuide  for  p<.iiTit 
No.  4  alone,  the  measured  lifts  foi-  the  other  points  are  of  no  parlicidai' 
value,  but  are  inserted  merely  as  a  mailer  of  interest:  Total  mean  lift. 
point  No.  3,  88  feet  6  inches;  total  mean  lift,  point  No.  2,  82  feet  6 
inches;  total  uu'an  lift,  point  No.  1,  To  feet  (J  inches.  The  results  of 
the  test  are  as  follows. 
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Torf  o/plarU  A«. 

J7,  </w 

ifii  Ity 

U.F. 

\'uit.  DumUu  ^  point 

Xo.4),  April  2 J,  1904. 

RvTOlUtiOIU 

per  miniite. 

Dl»- 

c-hiinre 
Uea3. 

Suc- 
tion 
lie«rt. 

Total] 
head. 

Uol- 
lonn 
per 
min- 
ute. 

Hy- 

dmuUr 
horse- 
power. 

Boiler 
prev 
»iire. 

Xita. 
96 
95 

96 
96 
100 
«7t 
10 
96 

Tem- 
pem- 
tiire  of 
fc«I 
water. 

Mean 
oBcc- 
tlve 
pre.*- 
sure, 
No.  4U 
tprtng. 

Indi- 

Ttine. 

• 

Emrine. 

Pump. 

cated 
hunw- 
power. 

11.15 

152 

lao 

151 
151 
151 
151 
Ul 
151 
151 
151 

791 

foa 

80! 

7»8 
KUO 
802 

(too 
ma 

MX) 

wo 

AM. 

86 
83 

W.fl 

m 

M.6 

m.6 

R4.l! 
tl6.9 

lU.H 

10.8 

U.:t 

11,8 

11. » 

H.7 

11. » 

12 

11..". 

12.2 

ftrt. 
99 
96.8 

9r. 

97.3 

98 

96.3 

96.5 

98.9 

98.4 

99.2 

op. 
188 
185 
175 
175 
175 
190 
180 
184 
170 
178 

Anmrfi. 
52.8 
«t 
59.8 
M.4 
52.8 
63.3 
51.4 
.M.4 
54.3 
54.9 

48.2 

11.35 

48 

11.65 

61.  S 

lUO 

46.9 

140 

45.3 

UD 



46 

tM 

44.3 

tip  

44.3 

Jm."......... 

46.8 

MD 

47.4 

Afotgt. 

151 

7»».6 

85.7 

11.6 

97.2 

ise 

21.38 

36 

180 

54.1 

46.7 

The  combined  efficioncy  of  engine  antl  pump  ut  jwint  No.  \  is  50  per 
rent:  at  point  No.  'A,  5.'i  per  cent:  iit  )>c)int  No.  "2,  ii'i  per  cent:  at  ]X>int 
No.  1,  3".»  pereenl.  Tin-  oil  ii.^ril  ut  jxiint  No.  4  wh.s  cniiie  oil,  U).5'"^ 
Bauui^,  casting  75  cents  per  barrel  of  4*2  giillons;  density,  0.975;  total 
u.sed  for  test,  85:19  pound.s  in  i."!')  Innirs,  201  pounds  per  hour,  or 
'24.7  gallons  per  hour,  co.stitig.  tlien-fore.  44.1  tTiit>;  per  hour  for 
fuel.  Water  evaporated:  Total  for  te.Ht,  10,473  {wimds  in  4.25  hours, 
or  '2.418  pounds  of  water  (>cr  hour:  factor  of  evaporation.  I.OTD.S; 
2,588  pounds  of  water  per  hour  fi'oiti  and  at  212  F. ;  12. ^(J  [louiids  of 
water  from  and  at  212"^  K.  per  pound  of  oil;  51. .s  pounds  of  steaiii  for 
all  purposes  j)er  indicated  horsepower  of  engine.  The  usrful  work 
done  in  an  hour  is  4.!i7o,Ooi)  foot-gallons,  ut  a  cost  of  44.1  ccnt.s;  cost 
per  l,Ut)0,niH)  f(H>t-gallons,  8.9  cents;  oil  per  l,00(i,(XM>  foot-gallons, 
4.97  gallons:  cost  pei'  foot-arre-foot.  *2.9  cents:  oil  per  foot-acre-foot, 
l.G.'i  gallons. 

This  plant  shows  a  higher  cHiciency  and  lower  cost  for  fuel  than 
most  of  the  gasoline  (ilatits.  The  first  seems  to  he  due  priiu'lpally  to 
the  coinparati\i'  large  size  of  the  utiit;  the  second,  to  this  and  to  the 
low  cost  of  the  fuel.  It  must  be  liorne  in  mind,  however,  that  a  steam 
plant  requires  an  engineer  constantly  in  attendance,  whose  wages  alone 
would  make  the  cost  of  operation  tlouUle  the  fuel  cost  in  thisciise. 
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The  results  of  te.st.s  at  points  3,  'J,  and  1  me  given  in  thf  following 
table: 

TeM  of  iMut  So.  17. 
I-OINT  NO.  8,  APKIL  13.  lilM. 


inir       ■ 


Time. 


Rm-olutioiK 
per  minute. 


6.(IU. 
6.10. 
5.20. 

6.aii. 


Arrnige . . 


Rn- 
(fine. 


Pump. 


DU- 
charffe 
bean. 


ISO 

IM 

lao 

l.iO 


805 

806 

mi 

»0I 


Pert. 
79.8 

79.8 

78 

78 


I 


Mean  ef- ' 


SucUon     Total  I  f-all™'-'    "SJ?™"- 1   ''^«'"'>^    Indicated 


head.       head. 


16.3 
18.  A 
1(1.2 
IA.1 


Peet. 

96.3 


per      ,  111-  hot>w-  presKiire,      lium'- 
mmute.     power.       No.  40       power. 
«prlng. 


1,093 
1.093 
1,093 
1,093 


ISO      804.5 


78.9 


lis 


90.6  I 


1,0)3 


at.  61 


I'omtdi. 
57.9 
fiI2.1 

86.1 
57.2 


49.6 
44.  B 

48.1 
49 


55.8 


47.  a 


POIMT  NO.  2,  APRIL  14.  1904. 

11.00 

152 

ISO 
ISO 
l.Sl 

MO 
800 
805 

73.5 
73.5 
73.5 
73.5 

14.9  ,      8«.2           l.OM 
14.6  '      88.2           1,U9S 
14.2         K7.7           I.IIW 
14.2         87.7           1,093 

6&0O 

SB.  80 
54.44 
54.54 

47  75 

11. l,'. 

11.80 

46  64 

11.45 

ATerage.. 

IM 

8021 

73.0 

14.4.      87.9  1        1.073 

23.03 

54.44 

4S.88 

POINT  NO.  1.  APRIL  U.  1901 

3.(10 

ISO 
l.iO 
l.iO 

\ha 

l.W 

800 
80)1 
800 
801 

70.8            11.0 
70.8             11.4 
70.8             11.9 
70.8             12.1 
70.8             12.2 

'SI.  8 
82,2 
82.7     ' 
82-9 
83 

Ml 

Ml 
911 
Oil 
»ll 

59.8 
S8.4 

58 

,Vi,8 

60.4 

51.3 

!|.15 

50  1 

3.30 



49  7 

8.45 

47  H 

4.00 

51.7 

Areimge.. 

ISO 

8001 

70.8  ,         1L7 

83.52, 

Ml 

J9.7 

68.9 

to.i 

L 


Phtnt  No,  /.ff.— Thi.s  plant,  owned  by  H.  Booksin,  Willow  (il^n  dis- 
trict, Santa  Clara  Vall(\v,  consi.-it"*  of  a  75-li()rsi^power  Corlis.s  ntoain 
engine;  44  iiiciie.--  by  14  ft'ft  roturn  tubuliir  boiler,  and  a  No.  (>  .single- 
runner  verticil!  centrifugal  piinii).  The  engine  cylinder  is  11.5  by 
2<1  inches;  speed.  llTi  rcvolution.s  per  niinute:  belt.  12  inche.s.  The 
boiler  is  44  iiiche.s  in  diameter.  14  feet  long,  and  lia,s  a  feed-water 
heater;  the  temperature  of  feed  water,  144-  F,  (avenige);  boiler  pres- 
Huiv,  Dij  pounds.  The  pump  hiw  inlet  and  outlet  openings  (>  inches 
in  iliaiueter;  :W-inch  runner;  discharge  pipe  12  inches  throughout; 
one  ti-inch  cheek  valve;  taper  connection;  one  long-radius  ellx)w;  suc- 
tilm  pi]ies.  .'^i  in  nuniber,  in  two  pits.  The  pump  is  belted  direct  with 
(piai'ter-turn  lielt.  liT-foot  centers.  The  water  was  measured  over  a 
3(i-ineh  rectangular  weir,  phu-ed  in  a  portable  w^eir  l>ox.  The  static 
head  above  the  puiii])  is  4.*!  feet  .'!  inches  (measured):  the  static  head 
bel()W  the  jiunip.  H  feet  ti  inches  (measured);  the  total  mean  lift,  .^i 
feet  9  inches.  In  thi,s  plant  the  water  discharges  into  a  tank,  from 
which  it  [lasses  through  a  1'2-inch  main  to  the  distributing  .system. 
The  mean  lift  i.-  meiisured  to  the  h^el  <d'  the  water  in  the  tank,  since 
the  discharge  is  lielow  the  surface.  The  results  of  the  test  are  as 
follows. 
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Trtt  of  plant  So.  18,  oiened  by  U.  boohiin,  April  S4,  1904. 


Ttane. 

Revolutions  per 
minute. 

nu- 
cha ive 
bead. 

Suptlon 
head. 

ToUI 
head. 

Oallona 

minute. 

Hydrau- 
lic horse- 
power. 

Mean 

effective 

presHure, 

No.  40 

Npring. 

Indicated 
home- 
power. 

Engine.  Pump. 

12.00 

lit!         S20 
116         618 
114          &l» 

114           510 
\\h         518 

113  512 

114  614 
116           618 
116           .ilS 
114          615 

FM. 

48.5 
48.6 
48.5 
48.6 
48.5 
48.5 
48.5 
48.6 
48.  .S 
4M.5 

Ftti. 

10.  SI 

II. 1 

10.  8 
11 

11.  r. 

11.3 

11. 1 

12.1 
12.2 
11.6 

Frrl. 
.^9.4 
59.6 

.w.a 

89.5 
60.1 
69.6 
59.6 
60.6 
60.7 
60.1 

1,664 
1,6<» 
1,628 
1,646 
1,669 
1,628 
1,646 
1.664 
1,661 
1,651 

24.7 

2S 

24.4 

24.4 

2.5.3 

24.5 

24.7 

2.5.4 

2.5.5 

25 

85.3 

87 

8.3.4 

84.3 

86.1 

81.8 

84.1 

8.5.8 

82.7 

81.9 

12J0 

1,00 

IJB 

im..:....:.:.:. 

WK.^— ....... 

MM."......:.:. 

t.» 

4.(10 

4.30 

A  venxe . . 

114.6  1    6lfi.2 

4s.  i 

11.4 

59.86 

1,6.53 

26.09 

M.2 

S0.61 

The  combined  efficiency  of  engine  and  pump  is  50  per  cent.  The 
oil  ii.sed  was  cnule  oil,  Hi.tj  Baiiine,  costirif^  75  cent*  pin-  barrel  of  42 
gallons;  density,  <i.^».7(J;  total  used.  7^0  pounds  in  four  hours  mid  forty 
uiinute.s,  or  15(5  pounds  of  oil  per  liour;  lli.f>  ^jjidloiis  of  oil  per  hour, 
costing  35  cent.s  per  hour  for  fuel.  Total  water  evaporated  for  t<!st, 
5,SStt  pounds  in  tlirc"  and  one-half  hours;  l,t)(S2  poumls  per  hour;  factin- 
of  evaix)ratiou.  1.109;  l.stij  pounds  of  water  per  hour  from  and  at 
gia*-'  F.;  ll.itS  pound.s  of  water  from  and  at  il2  F.  per  jxjund  of  oil; 
33.2  pounds  of  steam  for  nil  piiriMJses  {x>r  indicatc<l  horsepower  of 
engine.  The  useful  work  done  in  an  hour  i.s  ."J.l'JU.iHio  foot-gallons, 
at  acostof  35  cents;  hence,  cost  per  l,(KNl,0O():  foot-gallons.  (j.4»!  cents; 
oil  per  l,iX»().uuu  fnot-giillons.  3.(12  gullons;  cost  per  foot-acre-foot,  2.1 
cents;  oil  per  fi>ot-acre-foot.  1.17  gallons. 

The  exceptioniilly  low  fuel  cost  in  this  case  i.s  due  to  several  causes. 
The  first  of  these  is  the  cheapness  of  the  fuel,  the  second  is  the  com- 
paratively large  size  of  the  engine  and  pmtip,  thiitl  the  gtx>d  arrange- 
ment of  machinery,  and  fourth  the  type  of  engine.  The  first  three 
of  these  arc  found  in  the  preceding  test  (No.  18),  but  the  fourth, 
which  makes  up  the  ditference  l>etweeu  the  two,  lies  in  the  engine. 
An  engine  of  this  class  uses  steam  more  econouiically  than  a  slide- 
valve  engine.  This  shows  at  once  in  the  steam  coiisiiiiiivtion  per 
indicated  horsepower.  Test  No.  17  shows  steam  per  indicated  horse- 
power per  hour,  51. S  pounds:  test  No.  LS,  steam  per  iiutii'ated  horse- 
jxtwer  per  hour,  33.:*  |Mjinnls.  The  boiler,  however,  is  not  working 
as  well,  as  seen  by  the  evaporation  per  pound  of  oil;  test  No.  17 
shows  water  evaporated  per  pound  of  oil,  12.85;  test  No.  18  shows 
•  water  cvaponiti'd  per  pound  of  oil,  11.1*3.  Both  these  effects  lie  out- 
side the  combined  etticiency. 

Plant  Ni>.  7.9.— Tlie  plant  owned  by  Floyd  Lundy.  Berrye.ssa,  Santa 
(."lam  Valley,  cou.sists  of  a  4o-lior.-'e[>nwer  balanced  slide-valve  steam 
engine,  a  4o-horsej>ower  retiii'ii  tubular  lioiler,  and  a  No.  4  single- 
runner  vertical  centrifugal  pump.     The  engine  cylinder  is  M  by  12 
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itu'lies;  spt'tnl,  250  rovohitioiis  per  miiiutf:  pulh'y,  4'_'  inc-lips  in  ciiaine- 
tcr;  belt.  In  iiiclios.  The  liuili-r  dinuMisioii.s  arc  not  driven;  the  feed 
|iiinip  is  ii  ;-i  by  2  liy  3  tiu'li  duplex;  oil  fed  by  f^nivity;  feed-water 
liciitiT;  teiiipenitiire  feed  water,  l'2?t-  F. ;  iKiiler  pre-^sure.  ino  pouiids. 
The  pump  bus  inlet  iiiul  oiitlet<iperuiitf,s,  i  iiiehc.'i  iu  diameter;  di.-srbiirjje 
pipe,  10  inehe.-*  throii{jrhout;  one4-iiieli  clieek  valve;  taper  eoimeclioii.s; 
one  I  nn',''- nidi  us  elbow;  twd  surtion  pipes,  .5-ineb  easing;  the  pinup  is 
direct  belted  with  qmirter-tiirii  licit  ti>  engine.  A  U-l-ineh  L'ipolletti 
weir,  put  in  by  our  party,  was  used. 

The  .stiitic-  bead  iibove  tlie  pump  is  (I'i  feet  t>  inche.s  (measured);  the 
.statie  head  below  the  pump,  -S  feet  SI  inches  (measured);  the  total  iiiean 
lift,  71  feet  3  inches.  This  pump  had  a  bad  upthrust,  hcatinj;  the 
linver  collar  box  at  the  pump  head.  The  results  of  the  test  are  given 
ill  the  following  table: 

Trtt  of  filant  .Vo.  79,  oienal  hy  Floyd  Lwidy,  June  .1,  1904. 


I 


Time. 

Revolution*  per 
mioate. 

Dl»- 
charec- 
beod. 

.'^iictidn 
bead. 

Total 
bend. 

ftrt. 
76.9 
76.7 
70.8 
76.8 
75.8 
75.8 
76.6 
7.V6 
77.1 
77.3 
76.2 
76.2 

Galhins 

Hy- 

druiilit.' 

Moin 

fflfwllve 

Indicatul 

EnfineJ  Ponp. 

mluutv. 

horse- 
power. 

No.  40 
gprinjf. 

power. 

1  30       

1 

246          836 
246          836 
260          86S 
246          834 
260;        Slfi 
2<4  i       832 

260  1       844 
244          843 

261  848 

262  ffA 
246  1        835 
252  1        860 

63,4 

6.1.4. 

63.4 

63.4 

83.4 

63.4 

63.4 

63  4 

63.4 

6:1.4 

63.4 
63.4 

/Vrt. 
12,5 
13.3 
13.4 
13,4 
12,4 
12.4 
13.1 
12.1 
13.7 
13,9 
12.8 
13.8 

682 
696 
682 
682 
609 
682 
682 
609 
609 
609 
682 



A>MH<f<<. 

67.5 

68.1 

66 

66 

66.6 

66.6 

66.2 

61.9 

66.2 

Jtt.4 

65.6 

56.7 

2.00 

27.6 

2.30.   

goo  

27 
26.5 

3,20 

IJ40      

28.8 
26.1 

4.UU v... 

26.6 

4  20         

».  8 

4.40 

■-'7, 2 

500          

26,9 

5.20 

26,8 

6.40 

573   

27.6 

A  vem^* 

248          816 

«.4 

1S.0 

76.4 

691       il-48 

56.1 

26.76 

The  combined  eftieieney  of  engine  niid  pump  is  43  per  cent.  The  oil 
u,sed  was  crude  oil,  17  liaume,  costing  lit  cents  jier  barrel  of  4"i  gal- 
hms;  density,  0.954;  total  oil  u.sed  in  test,  5S.U  galltms  iu  four  hcnirs 
and  ten  minutes,  14.07  gallons  per  hour,  costing  ;?5.1  cents  jier  hour 
for  fuel.  No  test  of  water  evapontted  was  made.  The  useful  work 
doiu'  in  an  hour  is  2,530,000  foot -gallons;  hence,  cost  per  1.0tli),0(H) 
foot-gallons  is  10  cents;  oil  per  1.000,0110  foot-gallons,  5.r>fJ  gallons; 
cost  per  foot-acre-foot,  ;13  cents;  oil  per  foot -acre- foot,  l.S  gullnns. 
That  this  plant  does  not  equal  the  p<'rformanee  of  plant  No.  17,  where 
the  same  type  of  engine  is  used,  aiipears  to  be  due  to  the  smaller  unit. 
The  performance  is,  however,  very  good. 


I 

I 


^ 


LABORATORY  TESTS. 

The  field  tests  which  have  jusi  been  de.'^cri lied.  th(jugh  eomparatively 
few  in  number,  give  a  very  fair  idea  of  the  combined  eflieiencies  and 
fuel  costs  which  now  prevail  iu  tlie  average  [Hiuiping  plant  in  (qie 
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tioii.     How  nuk'li  of   the  viiristt 


lOtl 


tlicrein   is  due  ti)  tlifforoiu-o  ii 


arrantfement  <»!:'  rimrhiiu'rv,  U>  iiejjli'ct,  to  inii)ro|icr  spped  of  puiii]),  or 
to  different  tvpo.s  of  pumps,  is  to  be  dolpniiiiifd  by  ii  much  more 
extensive  iuvi'stitintinii  thiin  thf  ono  t-omplctod  in  11-1(14.  In  rffrard  to 
the  two  latter  niiist's  it  may  Ik'  of  int^*rest  to  prt-seiil  the  results  of  tests 
made  in  the  hydraulic  laboriitory  t>f  the  University  of  Cnliforiiia. 
These,  of  course,  may  not  represent  iietuul  vvorkint,^  cundittons:  in 
other  words,  they  Jire  made  under  the  l)est  possible  einiditions,  but 
they  are  all  maile  under  exactly  the  same  conditions,  and  therefore 
show  most  perfectly  the  etl'ect  of  variation  of  speed  or  head  on  the  etfi- 
♦•ieiiey  of  the  pump,  iind  the  rcliiti\e  e(liei<"neies  of  several  ditlVrent 
make«<  of  pumps. 

GENERAL  DESCRIPTION  OF  LABORATORY. 

The  water  sup[)ly  of  the  laboratory  is  contained  in  a  .series  of  con- 
crete-lined tanks  sunk  in  the  floor  of  the  main  eiuirt  of  the  mochauieal 
eng-ineerinjf  builditrjr  at  Herkeley.  One  of  these  tanks,  19  by  11) 
feet  in  area  and  I'J  feet  deep,  is  used  as  a  storaj^e  tank,  and  three 
others  of  the  same  depth,  and  ntajrinjr  from  7  by  7  feet  to  11  by  l!i 
feet  in  area,  are  used  as  measurinij  tanks.  In  the  inaiu  sujiply  tank 
two  H-incli  suction  pi|)es  are  hun;;-,  each  proviiled  witli  a  larj^e  fiKtt 
valve.  .The  pump  to  be  tested  is  connected  to  one  or  the  r)tlier.  de- 
penditig  on  whether  the  scroll  is  rii^ht  or  left  hnuded.  The  disc'luirjje 
is  pfis.scd  tlirouifh  a  >,oUe  valve  and  tbence  to  a  trou^rji.  which  conducts 
it  to  the  weir  Ijox.  This  is  lf»  tVet  long,  tJ  feet  wide,  and  -J  feet  deep. 
The  water  is  passed  throuifh  thiee  balfle  plates  befiue  rcinbiin,'  the 
weir.  This  latter  is  a  30-inch  rectangular  weir  with  sheet-iron  edges, 
and  the  discharge  can  lie  either  iTturned  to  the  supply  tank  direct  or 
can  be  turned  into  any  one  of  the  rneasiiriiig  tarvks  by  a  syst<'m  of 
.sliding  gates  nnide  absolutely  tight  by  rubber  valves.  Tin'  weir  has 
been  carefully  rated  by  passing  the  water  for  a  definite  time  into  a  ' 
nn-asuring  tank  and  noting  the  rise  of  the  surface  therein.  These  lat- 
ter have  been  ganged  by  iiouring  in  wt'igln'd  i|uantities  of  water  and 
noting  the  ri.se.  For  ordinary  centriJ'ugal  pump  test.s  the  weir  alone 
wa.s  Used,  the  discharge  being  returned  directly  to  the  su|>ply  tank. 
For  iin)re  careful  tests  regarding  tlie  ellccts  of  the  ditl'user  and  oti 
triplex  plunger  piunp  te.sts,  the  measuring  taid<  was  used.  The  In^ad 
wa,s  iiH'iLsured  on  two  gauges  insei'ted  at  right  angles  to  the  suction  and 
discharge  pipes,  credit  for  the  dillerenee  in  le\el  between  the  gauges 
being  also  allowed  the  jinnip.  These  gauges  are  carofulU' compared 
with  a  men-ury  coliuun  and  with  a  stiiudiird-weight  gauge  tester  before 
each  test. 

The  mechanical  pow(M-  a[)plied  to  ihc  pum|)  is  mensureil  on  a  2(i- 
horsejiower  transmission  dynamcniU'ter,  which  in  its  turn  receives  its 
power  from  a  l.j-hoisi'|M»wer  direct-current  electric  motor.     The  sjK'ed 
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of  tlie  pumi>  is  (akeii  at  intorvuls  on  :iii  ordiimrv  ivvolutioii  counter, 
uiid  i.s  also  shown  uii  a  liitrli-gmde  tiu'liorueter.  This  latter  is  used 
priiiei|Milly  to  detect  variations  in  speed,  which  can  •«  cliocked  at  once 
and  the  speed  held  nhsohiteiy  constant  hy  a  rlienstat  in  tiie  Hidd  of  the 
uiotur.  In  order  t<)  got  a  wide  range  of  speeds  for  ditiereiil  tests  a 
series  of  ten  pulleys  from  4  inches  to  Hi  inches  in  diameter  are  used 
on  the  motor. 

Ill  making  a  test  the  pump  is  pljived  in  jwsition  and  connected  to  the 
suction  and  discharge.  The  smallest  pulley  is  put  upon  the  motor,  and  a 
measurement  of  power,  head,  and  discharge  made,  with  the  discharge 


I 


!y.— Section  <if  eentrilufral  [Himii  ii'#il  in  tiM  .Vn.  ]. 

valve  wide  open.  The  <li.scharge  valve  is  then  partly  closed, thus  increas- 
itiif  the  effective  head,  another  mi'tisiirenient  nimlf.  and  so  on  till  the 
valve  is  entirely  shut.  .Mcaiiwhilr  the  sjtced  i>  held  constant  hy  tlie  rheo- 
stat. The  ne.xt  larger  pulley  is  tben  placed  tm  the  motor,  and  a  set  of 
measurements  made  on  a  higher  spciHl.  and  >o  on  till  the  maximum 
capacity  of  the  motor  or  weir  is  reached.  Tlie  eliiciency  of  the  pump 
is  thus  determined  fioni  far  In-low  to  far  above  its  rated  capacity. 

In  the  following  lul)les  tlie  jimnp  speed  is  in  involutions  |>er  minute; 
the  dynainomett'r  horsepower  is  the  actual  horsepower  a[)plied  to  the 
pump  liy  tlie  h»elt;  the  total  head  pumped  against  is  the  sum  of  the 
readings  of  the  two  gauges  corrected  for  errors,  and  expressed  in  feet  of 
water,  plii.s  the  itirteieine  in  level  ihctween  the  gauges  measured  in  feet; 
the  hj'draulic  liorsepower  is  the  theoretical  horsepower  required  t-o  mise 
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the  water  tliroiitjii  tlicj^rivcn  licacl;  tluM'ifirieik-y  i.scqiml  tothc  hydraiiiie 
horsepower  (iivideil  hy  tlic  (iyiiumoiiieter  hoi^epower.  Tlii-s  m«'tliud 
of  expressing  the  efficiency  of  ii  pump  iharge.s  neither  the  friction 
lieadof  tiie  piping,  nor  thi'  vi-kirity  lieiid  of  tiic  entering  wtiti'r  agnin.st 
the  pump.  While  tiie  furnier  is  evidently  a  ju.st  tfipiircinent.  since 
we  are  nieasiiring  the  efficiency  of  pumps,  and  not  schemes  of  piping, 
it  i.s  not  so  clear  that  llic  velocity  bead  should  not  he  charged  against 
the  pump.  ."^till.  since  thi'  a<lditionof  taper  coiinecti()ns  iiiul  enlarged 
di.schargc  [jipcs,  as  are  n.scil  on  most  modern  plants,  tend  to  eliminate 
this  factor,  and  since  the  efficiency  is  usually  expressed  in  thi.s  way,  the 
definition  has  been  retained. 

CKNTKIKCGAI.    PUMI'.S. 

TfMt  X<>.  1. — \o.  4  single-runner  horizontal  centrifugal  pump  with 
inlet  and  outlet  diameters -t  inches;  diameter  of  runner,  14  inches;  type, 
open  runner,  diverging  vanes;  vortex  ob.structed  at  two  points  hy 
bridging,  and  discharging  into  scroll.  I'lillcy,  10  inches  in  diameter. 
This  pump  is  of  the  open-runner  type,  that  is  to  .siiy,  the  runner  con- 
sists of  four  blades  or  paddles,  not  connected  in  an}'  way  except  at 
the  hub.  The  genend  dimensions  are  shown  in  the  sketch  (tig.  !!♦). 
The  results  of  the  test  are  given  in  the  following  table: 

RfmUU  oftetl  So.  1. 


No. 

^luap 

Dycuunom- 

eterhume- 

power. 

DiMbarge. 

Toul  head. 

Hvdreullo 
none- 
powcr. 

KtBctency. 

Krmtutbmt 

per  minuif. 

4T7 

477 

604 

604 

604 

727 

727 

727 

727 

727 

809 

809 

609 

809 

809 

809 

809 

964 

964 

964 

961 

964 

964 

9M 

964 

1,076 

1,076 

1,076 

1.076 

1,076 

1,076 

1,076 

1,076 

1,170 

1,170 

1,170 

1,170 

1,170 

1,170 

1.14 
.64 
2.83 
2.28 
5.07 
5.06 
4.38 
3.94 
3.30 
1.72 
7. -26 
6.72 
6.32 
5.76 
5.10 
4.00 
2.28 
12.  79 
11.98 
11.12 
10.19 
9.31 
6.96 
4.11 
3.36 
18.00 
16.92 
16.70 
14.46 
13.38 
11.62 

4.78 
19.36 
18.40 
16.22 
13.76 
9.86 
6.09 

ruMr  ftet 
itrr  itreond. 

0.406 

0 

.891 
.887 

0 

1.221 
.966 
.738 
.501 

0 

1.422 

l:gS 

.988 
.746 

1.8U6 
1.641 
1.441 

i.2ae 

1.028 
.692 
.093 
0 

^(•20 
1.828 
1.669 
1.481 
1.2.12 
1.022 
.628 
0 

1.669 
1.502 
1.221 
.891 
.429 
0 

Frtt. 
12.2 
12.7 
16.  li 
19.1 
19.2 
22.4 
2S.2 
16,6 
28.6 
30.2 
26,8 
29.3 
31.2 
32.6 
34.2 
36.8 
36 
3.5.5 
38.3 
41.7 
44.8 
47.6 
61.2 
61.3 
61.6 
42.2 
48 
49.1 
53.8 
.W 
.■>9.S 
63.2 
63.5 
61.8 
66 
.  69.9 
73.4 
74.6 
75 

0.86 

0 

1.68 

1.27 

0 

3.11 

2.73 

2,21 

0 

4.  as 

4.10 
3.86 

8.46 
2.90 
1,7» 
0 

7.38 
7.14 
6.82 
6.S7 
6.64 
a.  44 
.64 
0 

9.68 
9.96 
9.80 
9.06 
8.11 
6.91 
3.79 
0 

11.70 
11.26 
9.69 
7.43 

a.  68 

0 

Per  ««/. 
49.1 

0 

69.4 

.16.7 

0 

61.5 

62.  S 

66  1 

49.7 

10 , 

U 

Jl 

59.6 

la 

ni 

It 

60.9 

M 

60. 2 

u 

66.9 

]( 

44.5 

17 

0 

Ill 

57 

u 

68.6 

S::::::::::::::::;::;:;:::::: 

61.3 

M 

62.6 

St 

,'19.6 

ja 

49.5 

ai 

13.1 

2S 

0 

at 

■VI.H 

j7 r. 

69 

» 

69.2 

9 

62.7 

» ^ 

60.6 

n 

59.4 

a 

44.  1 

u 

0 

H-..i 

60.4 

16 

61.1 

V, 

69.7 

»7 

54 

IS 

36.8 

19 

0 
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Tlio  rcsult.s  nf  tlic  tost  iirf  Invst  shown  liy  the  curves  on  Hj^iire  '20. 
Tlioe  rinvi's  life  lypical  in  furni  for  a  fairly  designed  centrifuffal 
|)uiii|>.  Hy  reference  to  them  it  will  l»e  o>werved  that  for  every  speed 
then-  is  a  ileMnite  head  at  which  tlio  imnij)  works  hest,  and,  conver>elv. 
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for  a  jjivi'ii  liead  thete  is  ii  delinite  speed  at  which  the  pump  works 
most  ettieieiitly.  The>e  matters  can  be  better  discussed  when  the  t«st3 
on  the  other  iiiimps  of  this  type  Ivave  been  yiven. 
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IWt  .Y".  Z. — The  |>uiMp  is  a  No.  4  siuffle-rutrrier  horizontal  een- 
trifiiijal  pttmj).  similar  to  the  (irst  one  tested.  e.\ee|)t  that  there  is 
slightly  ditlerent  curvature  to  the  runner  blades,  The  results  of  the 
test  arc  as  f()llow.>.. 
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Xo. 


Fum 
spv 


imp 

■en. 


!  RcrtiluUoits 
per  miHiU'-'. 

\ 4.W 

2 4.VJ 

3 ias 

4 i  «« 

J '  .^ 

6 el's 

7 629 

8 029 

9 629 

10 '  "29 

II I  729 

12 1  "» 

IS '  729 

14 729 

» 729 

16 H34 

17 iCM 

18 834 

19 ;  8»4 

20 1  »34 

21 ''  834 

22 938 

23 938 

24 j  93.S 

a I  9;« 

2(i ,  938 

27 '  938 

28 !  1,020 

29 1,020 

30 1,020 

31 1,020 

32 1.020 

33 1,020 

34 1,020 

36 ^WS  I 

36 1.085 

37 1.08.') 

:« l.OS.") 

39 1.085 

40 1,08.S 

41 1.085 


Dyiiamom-  Hydraulic 

eter  h(irse-  DLscharKe.  Total  head.       noree- 
l)ower.     1  I  power. 


1.09 
.83 
1.79 
1.34  i 

.71  1 

3.09 : 

2.74  i 

1.93  : 

1.05 

5.21 

4.91  : 

4.36 

3.70 

2.50 

l.,M 

7.61 

0.90 

5.89 

4.42 

2.93 

2.09 

11. .W 

10.50 

9.62 

8.18 

6.40  ' 

3.08 

14.35 

13.54 

12.74 

11.09 

9.33 

6.28 

4.26 

16.70 

15.74  I 

14.52  I 

12.39 

9.94 

6.93 

.5. 11 


Ctibie/eet 
prr^coiid. 

0.411 

0 
.686  I 
.361 

0 
.956 
.762  ; 
.375  ' 

0 

1.221 

1.106 
.920 

.691        ; 

.316 
0 

1.441 
1.227 
.926  , 
.592  ■ 
.151 
0 

1.669 
1.474 
1.272 
.992 
.633 
0 

1.733 
1.673 
1.396 
1.176 
.817 
.3.57 
0 

1.704 
l.,')02 
1.309 
1.040 
.691 
.'2.57 


Fixi.    : 

9.8  ■ 

10.6 ; 

11.5  I 
13.4 
13.8 
1.5.5 

17.3 ; 

18.4 
18.9  I 
19.8 
21.4  I 
23.1 
24.2 

24.4  : 
24.7 

■  24.4 
26.8 
30.4 
32.3  : 

3S     : 

33.5 
30 

33.9  , 
36.9  ' 
41.5 
42      I 

42.5  ' 
38.3 
41.5 
42.5 
47.3  ' 
.50.8 
■53.5  I 
.5.1.7  ■ 
47      I 
49.6 
53 
56.3 
.59.3 
6.5.6 
06 


Efli<Tieiu*y. 


iVr  <•(/./. 

0.49 

45 

0 

0 

.89 

49.7 

.55 

41 

0 

0 

1.68 

54.4 

l.M 

51.7 

.78 

40.4 

0 

0 

2.75 

52.8 

2.69 

,54.4 

2.41 

55.3 

1.90 

•51.4 

.97 

34.2 

0 

0 

4 

52.3 

3.74 

54.2 

,3.20 

MS 

2.17 

49.1 

.,57 

19.4 

0 

0 

,5.78 

no 

,5.68 

54 

5.;« 

5.5.4 

4.67 

.57. 1 

3.02 

47.2 

0 

0 

7.  .52 

52.4 

7.41 

.54.7 

0.68 

.52.4 

6.32 

.'*.9 

4.  72 

.'O.B 

2.17 

.3*.  5 

0 

0 

9.09 

.54.2 

8.40 

.W.7 

7.88 

54.3 

6.65 

,53.7 

4.05 

46;  8 

1.91 

27.6 

0 

0 

The  efficiencies  given  b}'  this  pump  are  distinctly  lower  than  those 
given  bj^  the  first  one.     The  results  are  shown  graphically  in  figure  21. 

Test  No.  3. — The  pump  is  a  No.  4  single-runner  horizontal  centrif- 
ugal pump.  The  inlet  and  outlet  openings  arc  4  inches  in  diameter; 
both  arc  in  the  axis  of  the  pump;  diameter  of  runner,  9  inches;  type, 
closed  runner;  pulley,  >>  inches;  discharging  against  guide  blades  which 
carry  the  water  back  to  axis  and  out.  The  results  of  the  test  are 
given  in  the  table  following. 
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HaiiU*  of  tent  -Vo.  J. 


I. 

■2. 

3. 

i. 

5. 

d. 

7. 

8. 

9. 
10. 
11. 
12. 
U. 
14. 
U. 
IC. 
17. 
18. 
U. 
». 
21  . 
22. 
23. 
24. 
28. 
26. 
27. 
28. 
2>. 
W. 

n.. 

S2. 
1*. 
S4.. 
».. 
38. 
87. 
88.. 


Stmlulloiu 

lierniluHte, 

i,a8y 

1.009 

i.um 

I,Uti9 

l.(lt)» 

1,08!) 

i,au 

1,811 
1.811 
1. 311 
1,311 
1,811 
1.811 
1,811 
1,311 
1.811 
1.311 
1,488 
1.4M 
1.458 
1,488 
1.4S8 
1.4.W 
1,486 
1,488 
1,4SK 
1,468 
1.527 
1,627 
l..'i27 
1.527 
1.527 
1..^27 
L.W 
1,S27 
1.527 
1,107 


DyD«mom-  I  t  Hydraulic 

etrr  hone-  I)lM.')iari;e.  Tolul  hud.       hone- 
power.     I  power. 


0.39 
4.80 
4.19 
4.0» 
4.08 
4.  OS 
4.42 
.« 
7.33 
7.2» 
7.07 
6.86 
6.80 
6.80 
6.90 
6.98 
7.38 
7.33 
.58 
9.»4 
10 

9.M 

S.80 

9.4» 

9.66 

9.70 

9.99 

10.10 

.60 

1L77 

II. «H 

11.41 

II.  .33 

11.87 

11.44 

11.74 

11.99 

12.09 


Cubtfjeet 

per  temnd. 

II 0 

.697 

.628 

.61.1 

.406 

.274 

0 

.914 
.883 
.746 
.660 
.572 
.4»t 
.8(8 
.290 
.170 

0 
"0 

1.064 
.906 
.79.'! 
.681 
.528 
.438 
.253 
.179 

0 
11 0 

1.131 

1.016 
.874 
.746 
.002 
.429 
.816 
.138 

I) 


Hel. 

0 

15.25 

16.2 

18.26 

20.1 

21.7 

22.9 

0 
20.6 
21.7 
22.9 
24.3 
26.6 
27.7 
30 
82.3 
33.5 
35.3 

0 

24.7 
27.5 
29.6 
3V.1 
34.7 
36 
40.4 
42.5 
42. 7 

0 
25.9 
28.7 
31.9 
34.9 
38.8 
42.5 
46 
49.7 
51.1 


0 

1.21 
1.15 
1.06 
.98 
.61 
0 
0 

2.14 
2.05 
1.94 
l.HS 
1.66 
1.55 
1.34 
1.06 
.65 
0 


EBelency. 


2.98 
2. 84 
2.67 
2.48 
2.08 
1.79 
1.16  ' 
.86  I 
■0 

0 

3.33 
3.31 
3.17 
2.96  I 
2.66 
2.07  I 
1.65  . 
.82 
0 


Per  eeRt. 
0 

28.1 
27.4 
26.3 
23.1 
l.M 
0 
0 
211.2 
28.1 
27.4 
26.1 
24.2 
22.9 
19.4 
15.2 
8.9 
0 
0 

30.1 
2H.4 
26.9 
25.3 
21.9 
18.6 
11.9 
8.6 
0 
U 
28.3 
21!.  4 
27.7 
26.1 
23.3 
18.1 
14.1 
5.2 
0 
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The  very  low  officiencv  jriveii  )iv  this  ])iiiiiii  iip])eiir8  to  he  dm-  to 
two  t-auses— obst riu-t ion  of  the  di^ii-har^c  and  cin-ulutiou  witliin  the 
pump.  Both  of  tliese  are  fatal  to  good  operation.  It  vfill  Ite  noted 
that  the  pump  re<piires  ax  iiuieh  or  more  i>ower  to  drive  it  wlieii  tlio 
discharjje  xalve  is  closed  and  it  is  deliverini,'-  no  wiiter  at  nil  as  when 
throwing  its  full  strenin.  The  whole  power  in  the  tirst  instance  U 
absorl»ed  by  friction  and  einnilaling  currents,  and  these  latter  are  more 
or  less  destroyed  by  the  rush  nf  the  stream  when  wide  open,  Tbe 
poor  efficiency  when  puiupiiijj  full  open  is  due  to  ob(»ti'ueted  discharge. 
If  is  to  be  resrretted  that  tbv  head  could  not  have  been  still  further 


Via.  'Si. — S*t'tinn  nf  pUJUp  ll>f(1  In  tvsx  No.  4. 

liifed,  so  as  to  give  a  clear  niaxinuim  on  the  curves  (tig.  22).  but  it 
is  evident  that  the  litst  jxiint.s  are  quite  near  this  ina.xinuun. 

Test  No.  i, — This  is  a  No.  4  single-runner  horizontal  centrifugal 
pump,  with  inlet  and  outlet  openings  4  inches  in  diameter:  inlet  axial, 
outlet  tangential:  diameter  of  runner,  14  inches;  type,  closed  runner; 
pnlley,  9  inches;  discharging  into  scroll;  no  bridging.  This  pump 
has  a  closed  runner  of  the  ordinary  type.  '*  tinished  "  on  the  outside 
onlv.  The  pas-sages  are  rough  cored  (tig.  23).  The  result.s  of  the 
test  are  given  in  the  table  following. 
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kewll*  (if  tett  .Vo.  4- 


L                   Ka 

2^  fe?£: 

'P^***'         power. 

IHwlwrge. 

Toul  bead. 

Hyilnalic 
bone- 
power. 

Efflelency. 

f 

I 

JteWrfMHOM 

permtnule., 

550              1.69 

560  1             1..V) 
Kt)     ,           1.22 
560                  .66 
ssn               8.  .54 

Cnbirjrrt 

jtr-r  trrtiml. 

0.602 

.518 

.307 

0 

.980 

.920 

.823 

.713 

.612 

.471 

.282 

0 

1.221 
1.082 
.885 
.697 
.447 
(1 

1.451 

1.348 

1.2U9 

1.058 

.908 

.741 

.499 

0 

1.607 

l.,57S 

l.4«t 

1.322 

1.215 

1.113 

.988 

.7X9 

.574 

0 

1.676 

1.669 

1.627 

I., 530 

1.376 

1.196 

.986 

.697 

.310 

0 

Ferl. 
15.6 
17 
18.4 
18.8 
2D.  7 
21.8 
•  23.7 
25.4 
27.1 
28.8 
30.6 
30.8 
26 
28.5 
31.5 
35 
38.7 
39.7 
.U2 
33.2. 
.37.1 
10.6 
43.6 
46.3 
49.3 
52.3 
34.8 
38.5 
42.4 
45.8 
49.3 
51.4 
54.6 
57.8 
61.1 
63.9 
3.5.5 
39 
48.6 
.51.6 
55.8 
61.3 
66.4 
71.1 
74 
76.1 

1.06 
1 

.64 
0 

2.30 
2.28 
3.21 
X06 
1.80 
1.54 

.98 
0 

3.61 
3.60 
3.16 
177 
1.96 
0 

5.31 
5.08 
5,09 
4.88 
4.49 
3.89 
279 
0 

6.36 
6.88 
7.02 
6.88 
6.80 
6.49 
582 
518 
3.80 
0 

6.76 
7.89 
8.98 
8.97 
8.72 
8.32 
7.43 
6,62 
X61 
0 

Pereml. 
62.1 

2 

8 

52.6 

4 

5 

64  8 

« 

096 

il.47 

65  7 

7 

696 
896 
(MM 
696 
696 
096 

8.29 
8.06 
3.80 
2.« 
2.03 
1.27 

67  2 

8 

9 

67  6 

10 

11 

48  '\ 

12 

13 

80O 

5.26 

14 

800  I              ft.05 
800  '             4.71 
800                4.02 
HOO                 H  '■?' 

■  69  3 

16 

67  1 

16 

17 

60  9 

18 , 

800 

1.74 

19 

898 

803 

893 

898 

893 

898 

i>93 

893 

I.U04 

1.004 

1,004 

1.004 

l,(M 

I.IKM 

l,U^ 

1,(XM 

1,004 

l.UW 

\,iVti 

1,10-J 

1,  IW 

l.KW 

l.WJ 

1,  KU 

i.KK 

i.ioa 
l.urj 

I.Wi 

8.13 
7.86 
7.37 
6.88 
C.48 
.5.72 
4.65 
2.77 
10.93 
10.83 
10.53 
1U.28 
9.83 
9.36 
8.71 
7. 82 
6.41 
3.43 
14.10 
14.10 
13.90 
13.61 
12.85 
12.07 
11.02 
H.32 
i:.33 
4.63 

65  3 

20 

21 

69  1 

22 

89  4 

24 

68 

60 

•it 

0 

27 

58.1 

38 

03  5 

29 

66.7 

10 

66  9 

81 

60  2 

82 

00  3 

at.  8 

66  2 

It 

(S 

50 

36 

0 

47  9 

38 

52  4 

W 

64  6 

40 

66  0 

41 

67  t 

42 

68.B 

67  4 

44 

60  3 

41. » 
0 

46 
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'i'lie  eltificticv  curvi-.s  iire  of  llii"  ordirutrv  type  (tig-.  24).  It  will  tjc 
notici'd  that  tlif  hijjliest  value  iviifliod  Is  iiUout  71  p^M-  cent  when  run- 
ning at  HS);-i  rfvoliitions  per  mirmtc  on  4n.(;-f<>ot  lunul. 

Tc^f  No.  5. — The  pump  was  u  No.  4  .Hinifle-rulincr  liori/.ontal  rcn- 
trifuf^l  pump,  with  inlet  and  outlet  4  inche.s  in  diaiticter;  inlet  axial; 
outlet  tangential;  drann'ter  of  ruimer,  IS  inrhes;  i\\)e,  closed  ruiinor; 


Pio.  26.— eerlion  of  pump  iitefl  fii  Imt  N'n.  5. 

pulley,  li*  inclies;  disrharginf,'-  into  scroll,  no  hridj^injj  (Hg.  'i;')).  Thi.s 
runner  i.s  ■•tinished"  on  the.  outride,  and  one  side  of  the  inside  ehan- 
nel.s  is  "linislied."    The  re.sults  of  the  test  are  as  follows: 

Rtmltt  of  tat  No.  S. 


No. 

Pump 
Kpetscl. 

Dynamom- 
eter horev- 
power. 

DLwharge. 

Total 
hewt. 

Feet. 
28.5 
26.2 
27.9 
29.9 
31.8 
33.6 
37.5 
29.5 
30.9 
32.9 
36.4 
89.1 
42.6 
46.8 
50.6 
*9.2 
42.3 
45.6 
49.1 
.U.ll 
S6.2 
62.8 
60.2 
63.8 
67.4 
71.0 
74.8 
81.0 

Hydmiillo 
hor«e- 

pOWOT. 

K(R*'lenoy. 

1 

w, 
w, 

627 
627 
627 
7» 
726 
W6 
726 
726 
726 
716 
726 
804 
804 
804 
M>4 
804 
804 
804 
106 
906 
906 
906 
906 
106 

5.98 
5.82 
5.S7 
.M8 
4.89 
4.SI 
2.20 
9.44 
9.35 
9.27 
8.70 
7.94 
7.  JO 
6.06 
2.78 

i3.n 

12.28 
U.M 
10.80 
9.flB 
8.67 
3.88 
16.28 
16.22 
14.38 
12.67 
10.7 
6.14 

OMeJletl 

pertamd. 

1.329 

1.202 

1.082 

.966 

.833 

.660 

0 

l.fiol 
\.!M 
1.467 
1.816 
1.106 
.801 

.tat 

0 

L6«> 
1.523 
1.389 
1.221 
.998 
.778 
0 

1.488 
l.ilOO 
1.137 
.908 
.628 
0 

3.66 
3.68 
3.43 
8.24 
3.01 
2.62 
0 

5.36 
6.42 
6.48 
6.44 
4.»4 
4.81 
1.27 
0 

7.43 
7.32 
7.19 
11.81 
5.96 
4.96 
0 

10.15 
9.55 
8.71 
7.32 
6.29 
0 

59  4 

2 

3 .■ 

III  6 

4 

S 

rtl  5 

( 

58 

Q 

8 

56  8 

1 

.W 

U 

59 

II 

62.  .S 

U 

1*:::::::;::::"":::::::::::. 

."M 

M 

61 

18 

0 

16 

58  4 

17 

59.6 

18 

» 

» 

21 

lia 

59.  M 
.W.U 

22 

0 

28 

62. 5 
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62  8 

s 

60  6 

M 

57.8 

« :  ";"ii:;ii;;:";";::i: 

49  5 

3t 
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Fij^iUf  :^ti  .sliows  tlie  cilicirncv  curves  as  determined  \>y  this  test. 
Thi'st!  five  eliii'iency  test.s  are  the  otil^-  ones  so  far  <'()iiii>li'ted  on  oen- 
ti'ifugal  puiiipf*.  Additi'Hial  tests  on  the  fmirth  pump  wi-re  mnde  to 
dctcniiiiic  whether  air,  churued  up  ia  the  >u])ply  tank  l(v  the  retiirii- 
itijr  dischari^l'e  from  the  weir,  reached  the  suetinu  pipe  of  the  puuip  aud 
affected  the  etKeietiev,  aud  whether  the  eflicii-uey  of  a  pump  working' 
on  a  detiuite  head  an<l  speed  was  atfeeted  In"  the  way  in  which  that 
head  is  distrihuted  Ix'lween  the  suction  and  dtseharjre. 

The  first  of  tliese  is  easily  tested  liy  ninniiif,' a  test  iu  tlie  ordinarv 
way  aud  then  turtiiu}^  the  diseliarge  into  some  other  tank  and  repeating 
the  test.  The  results  in  the  two  cases  were  fotind  to  he  identical, 
sliowiiig  tliat  the  tests  had  iu  no  way  Keen  atTeeted  l>y  the  air  of  the 
return.     The  snine  thin<^  was   tried  on  anotlier    jitiiup,   with  siuiilar 
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results.  Tills  niitfht  have  heeu  predicted  from  the  fact  that  the  -iuc- 
tioii  takes  its  water  from  a  point  li  feet  distjint  from  the  pnint  of  return 
uiid  (i  feet  below  the  surface. 

The  second  was  tested  iu  the  following  niaiuier:  A  f,''ate  valve  was 
placed  in  the  Miction,  as  well  as  in  the  discharge.  Hy  this  nyeaus  a 
given  total  head  eonid  he  maintained,  aud  at  the  .same  time  distribute<l 
in  any  way  between  the  suction  aud  discharge.  The  results  showed 
that  the  disfriliution  of  the  head  lietween  suction  and  dischai'ge  had  no 
etlci't  oil  the  efficiency  of  the  pump.  The  pump  was  well  packed  in 
this  instance,  but  an  itnjierfect  packing  of  the  gland  would  doubtless 
have  shown  a  variatitm  in  favoi-  of  the  low  suction  head. 
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Tent  No.  G.     The  piuup  tested  was  a  single-acting  triplex   piiiiip. 
2-st«ndard  style,  with  plungers  o.n  inches  in  diameter;  <>-ineh  stroke; 


^^^^^^^'                TESTS 

^^    inlet   oppiiinjj.   T)   intlie.>^ 
ratio  of  ;i-fiii"i"K.  •*  to  1; 
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in   diameter: 
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1 
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Hltlet, 
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PLANTS 
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meter;         H 
vpe  of          ■ 

the  triplex  pump,  having,  however,  Imt  two  .>; 
not  JT'^'*'  tlie  .>li*tRltiifss  of  doiiMt'-^^'fareti   four- 
water  ill  III)  ciiso.s  \vii.-i  lucu.siircd  with  the  <fr('iit('.>- 
1          !>tandard  measuring;  tank.     The  tnlnl  (mhuIxc  o 
entire  test  wiis  tiikcii  on  a  revolution  cDUiiter.  ;u 

tandards.     This  doe.s         H 
standard   tyiM\     The         ^M 
t  possible  care  in  the         ^M 
f  revolutions  for  the         H 
il   the  siwed  deduced           ^1 

tlierefroiii.     The  prcs.sure  wus  nieusured  uu  ai 
the  plalforiu-gaufre  tester  direct.     The  latter 
of  exeessive  vihnitions  at  hij^li  lieiids,  wliicli 
ordiniirv  gauge  ahuost  inipn.ssilile.     Since  tii 

1  ^-inch  test  gauge,  or  on          H 
wa,s  found  best  on  account          H 
ma<ie  the  reading  of  an          H 
•  etlicieiK'V  til'  a  plunger            H 
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[J  i.s  not  iutiinateli 
tral.  the  test  was 

V  lio  mo  i«>  /oo  zoo  210  2*0  2*0  zm  joc  j3o  3*0  mo          ^H 

— KftlrlfTii')'  curVL'.  iriple.x  putiiii.  te^I  N>).  0.                                                         ^H 

•  coniieet.ed  with  the  sjieed,  as  is  that  of  the  cen-          H 
made  at  Intt  one  sueed.     The  test  resulted  a.s         ^1 

follows  (tig.  27): 

/«( «i  i 

\  hi/     inch  triplex  jnimp.                                                 ^^^^| 

■             Ko-                :PS. 

Dynamom- 
I'lvr  honw- 

pOWlT. 

^»'«F 

"5?"'       head,     hon*- 
""»■■                    i  power. 

1 

I 

1 

» 

4 

i 

« 

Reviitulitfiu 
per  mhmtr. 
64.8 
64. « 
64.0 
63.4 
64.  H 
64.0 
64.6 

Z.8S 
4.  IX 
6.71 
7.14 
8.S9 
10.06 
!■'  17 

OMefert 

jter  terimtl. 
0.202 
.  262 
.260 
.266 
.200 
.260 
.200 

OHhie/eel 
per  teroiiri. 
0.207 
.267 
.206 
.261 
.287 
.206 
•Ma 

1.8T         S2.4         0.96 
L.-ff         70.2         2.26 
2.26       122.  r>         3.62 
2.30        168.7          4.K8 
2.62,     216      1       O.a.'i 

2.25  261       !       7.70 

2.26  307.2         ».07 

Per  cent.              H 

61.  d             H 

63.3               ^ 

66.4 

71.4 

70.0 

74.6 

Mean 

1 

^•"1 1 1 

It  is  >teen  here  that  the  etlieieiicv  increa.se.s  rapidly  with  the  head. 
This  is,   however,  largely  a   matter  of  packing.     A    plunger  piiiup 
should  he  i)aeked  only  tight  enough   for  the  jiarlieular  head  under 
^^k             30«2l>— Xo.  158— Oi It) 

^H             242               IllRlGATION    AND    DRAINAGE    INVESTIGATIONS,  1004.                ^^H 

^^B         wliirh  it  i.s  iiscii.     It  is  prolmhlf  Hint  Ui(>  j^liuid.s  woro  piK-kod  ton  tight 
^^m          for  low  lu'iids  ill  thi.s  pump.     'I'lie   ijuiiip  wus  tested  ju.st  lu  received 
^H          from  the  manufttetnrer. 

^H              7'f st  .V".  7.  — Tlii.-^  te.-it  WHS  made  with  ti  siiiKle-iictin*j  triplex  pump, 
^H          2-staiidiird  J*t_vle,  with  jdunijers  4  iin-hes  in  diiiineter;  (i-inch  stroke; 
^H          inlet,  3  inches  in  diiimeter;  outlet,  2.5  iiiebes  in  diameter;  ratio  of 
^H         geariiitj.  5  to  1;  pulley,  20  by  4  inches.     Tlie  test  resulted  as  follows: 

^^B                                                             Tttl  of  4  by  a  inch  trijiUj- pump.                                                   ^m 

^^^^^B 

Pump 
«|>cc<1. 

DlxcliurKi' 

by  .li.H. 
pUeuiueul. 
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H 

le  resultintr  curve  of  efficiency  i.s  shown  in  tijjure  28.     This  shows 
ver  I'Hicit'iicy  tlmn    No.   li.   iii!ce.ssarily  true,  other  thinffs  heiiifj    ■ 
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equal,  on  aecouut  of  the 
paekinj(  is  well  shown   i 
ejlicieney  when   first   ivt 
dotted  curve  shows  part 
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In  loukiiiifover  this  table  it  will  Im>  noticed  that  the  cost  per  1.<HK).00 


foot-imllc 


ith 


•li 


(iinifii 


y.8 


tioii.      1  tie  mean  cosr -wiiii  jjooa  sintions  or  inofierate  isize 

le  about  l»i  cent>i.     For  electric  plant«t  the  cost  varies  from    ■ 

tt  hoiir-i  to  12.3  kilowatt  hours,  or  from  14.7  cents  to  3(1.7 


I 


torm  ratinjj)  varies  troin 
cents  to  27. s  cents.  The  first  of  these  is  obtained  with  a  large  and 
expensive  eijuipitient.  and  the  latter  with  a  worn  and  Icakinjj  pump  in 
a  small  station.  The  mean  cost  witii  jjood  stations  of  moderate  size 
seems  to  be 
5.!<  kilowatt 

cent*!  (uniform  i-«tin«f)."  The  mean  value  for  the  liest  plants  appears 
to  l»o  about  7  kilowatt  hours,  or  11. It  cents.  For  steam  plants  of 
from  +<*  to  liNi  horsepower  9  cents  per  l.OoO.iXiO  foot-jjullons  should 
cover  the  cost  of  fuel.  It  is  inteivstin^  to  note  how  these  <'Oinpare 
with  results  obtained  from  the  known  efficiencies  of  the  machinery. 
The  actiial  power  necessarv  tfi  raise  l.r)(M),(KiO  foot-gallons  in  an  hour 
is  4.21  horsepower.  The  efticiency  of  a  good  c<>nti'ifugal  pmup,  if 
running  at  exactly  the  correct  speed,  should  easily  reach  (>5  j)er  cent. 
AlU>wing.  however,  for  friction  in  pipes,  check  valves,  and  lost  veloc- 
ity head,  it  will  not  rise  nuich  over  6(*  per  «ent,  and  in  fact  few  rise 
.so  high.  This  requires,  then,  7  brake  horsepower  on  the  eng^ine  or 
motor.  \  new  engine,  perfectly  adjusted,  will  nui  on  one-eighth 
gallon  of  distillate  per  bnike  horsepower  \wr  hour,  l>ut  it  has  been 
our  exj)erience  that  an  engine  in  service  some  time,  and  perhaps  not 
in  the  best  adjustment,  <'onsuined  more  like  one-sixth  gallon  piyr 
indicated  liorsejxtvver  per  hour,  or,  say.  o.  17  gallon  per  brake  horse- 
power per  hour.  Hence,  to  develop  7  brake  horse])ower  will  retjuire 
I.IH  gallons  of  distillate,  which,  at  12  cents  per  gallon,  costs  14.3  cents. 
No  centrifugal  ])lant  which  we  tested  fell  lo  so  low  a  value  as  this,  the 
difference  being  due  to  lower  efficiencies  of  engine  and  pump  than 
assumed  here.  Furthermore,  7  brake  hoi"sepower  is  e<jual  to  aliout  8.2 
elcctriciil  borse|«>wpr  at  the  meter,  or  •;.  14  kilowatt.-*.  One  of  the  plants; 
tested  fell  even  below  this.  Finally,  7  brake  borsejwwer  means  about 
7.8  indicated  horsepower  in  a  steam  engine  cylinder.  .-V  good  engine 
of,  say,  50  hoi-sep<»wcr  slunild  give  a  horsepower  hour  on  3o  jx)unds 
of  water.  A  fair  tubular  boiler  should  evaporate  11  pounds  of  water 
with  a  pound  of  oil.  Hence,  the  7.8  indicated  horsepower  foi-  an  hour 
should  lie  made  with  21.3  pounds  of  »)il.  A  inirrel  of  oil  weighs  about 
335  pound>  and  costs,  say,  75  centM.  Hence,  Ihe  cost  of  pum|)ing 
l,oiM).(Mii»  foot -gallons  should  not  exceed  4.8  cents,  .Vll  stations  tested 
considerably  exceeded  this. 

The  main  quantities  which  affect  the  tinal  result,  so  far  as  the 
machinery  alone  is  concerned,  are:  First.  .Size  of  plant.  The  larger 
the  plant  tlie  more  etticiently  it  will  jwrfonii.  This  holds  for  lK)th 
engine  and  pump.     Second.  The  condition  of  carrying  full-rated  load 

"  l^nifonn  rating  taken  at  12  rents  per  gallon  for  liutillate  ami  at  2j  vents  per  kilo 
watt  hour  for  electrical  energy. 
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on  both  enpiiic  and  |)uii»j>.  An  cii^'irn-  too  lurj^o  f'ur  its  work  is  running 
unecoiiomicallv.  Third.  'I'lic  tiiost  liiroul  pussiltlc  tnuisiiiissioii  Ijetwoen 
engine  and  pump.  Foiutli.  Larije  siiL-tion  and  discharge  pipe.>j,  with 
tlio  f<»west  possible  iiunihor  of  bends.  Fifth.  Care,  »'k"auliness.  imd 
iritelligtMu-f  in  operation.  Muri-  expense  is  int'uri'od  by  neglect  of  the 
la>t  prei'ftution  tlian  all  others  combined.  Minor  considerations  are  a 
low  suction  lift  jiiid  a  free  check  or  fool  valve. 

In  .selcctitig  the  kind  of  power  it  must  be  Ijornc  in  mind  that  fuel  is 
far  from  Ijcing  the  only  cost  incurred.  An  electric  motor,  for  example, 
cost.s  |tnictically  nothing  for  attendiinci'  and  rp])airs.  .\  gasoline  engine 
costs  but  little  for  attendanci!  when  in  good  runnitig  condition,  but 
may  run  up  a  large  bill  for  repairs  if  not  intelligenlly  handled.  A 
steam  [tlunt  requires  an  engineer  constantly  in  char<,'e.  and  wages  here 
become  a  hu'ge  item.  Hut.  on  the  oilier  hand,  a  good  engineer  insures 
the  proper  care  that  machinery  of  this  class  should  have.  The  condi- 
tions are  so  varied  ia  ditferent  localities  that  no  fair  decision  can  l)e 
reached  as  to  which  of  these  forms  of  power  is  preferable,  but  the 
most  general  poi^sible  statement,  which  must  be  taken  with  nuiny  i|uali- 
fications,  is  as  follow.^:  When  electrir  power  is  obtainable,  it  is  best. 
For  sniall  plants  not  >t>  favored  the  gasoline  <'ngiiie  is  tlie  oidy  resource, 
while  for  large  plant.s  a  good  steam  crigine  may  give  better  .satisfac- 
tion in  the  long  run.  For  very  large  instalhitions.  or  vvheri'  nuiiiy 
farms  combine  interests-  for  pumping  puri)osr>s.  the  steam  ceiUral 
station,  with  electric  distributing  system,  is  by  far  the  best. 

The  aceotnfianvinif  diagrams  miiy  help  the  prospective  irrigator  in 
estimating  roughly  the  cost  of  installation  mid  opeiiition  (fuel  oidy) 
of  a  proposed  pumping  plant. 

There  nmst  tiist  be  known  the  area  to  be  irriysited  (acres),  the  depth 
of  one  irrif^ation  (inches),  and  the  time  in  which  it  is  necessary  to  apply 
this  water.  These  latter  items  are  not  wdliin  the  province  of  the 
present  ehapti'r.  and  must  be  taken  from  a  knowledge  of  the  duty  of 
water  in  the  particular  locality  ciesired.  Knowiuii.  however,  the  lirst 
two  of  these,  the  total  amount  of  water,  in  million  gallons,  is  at  once 
taken  from  the  diagram  (tig.  :ilt).  For  example,  if  ,S0  acres  is  tt)  be 
covered  t!  inches  deep  with  water  the  resulting  amount  is  13.(MMI,(KK» 
gallons.  The  third  item  may  be  given  either  in  the  actual  num- 
ber of  hours  of  pumping,  or  in  the  lujTuber  of  days,  together  with 
the  numbei'  of  hours  which  constitute  a  day's  run.  'I'hese  being 
known,  the  ijuantity  to  Im  discharged  per  minute  can  lie  read  from 
figure  HO.  For  instance,  if  the  i:{,0(>i),(ii)(i  gallons  i>  {o  be  piunped  in 
wenty  days,  running  fourteen  hours  per  tlay.  (he  course  of  the  dotted 
line  of  the  figure  brings  us  to  THU  gallons  per  niimite,  the  required 
capacity  of  the  jiitin|i.  (hi  ihts  tlepenils  in  a  measure  the  size  of 
the  pump,  which  may  be  Uiken  from  thi'  builder-'  lating,  or,  if  the 
pinup  be  a  centrifugjil,  directly  from  figure  ;}i».      For  example,  in  the 


^^M         c&ac  just 
^^M         for  a  No 
^H        betaken. 

IKRIGATIUN    AND    DRAINAGE 

cited,  Tti"  t;iilloiis  pi'i*  mimi 
h  and  11  No.  »;  puiiii).     Jit 
Tliis  determination  of  size 

wiii'k-    vprv   wpll    ciiiisidi'iiif 

INVKSTIG.\TIONS,  l:)0-t.                  ^^^B 

tt-  lit's  bctHcen  tlie  lines  shown 
■ntv  tJie  latter  wtmld    prolmhly 
i.sonly  approximate,  ascentrifii- 
Iv  !il»ovi>   tlioir   noriual    rulitif. 
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not  l»o  t]ik(M»  from  tluMiioro  stuiidiut,^  U'vol  in  tiw  siirrouridiii;^  ruuntiy          1 
bi'fore  piiiKpintr  is  I'tJinrniMiciHl,  Init  from  thp  tiniil  lovt^l  that  thi'  wuter         1 
tiikes  uj>  uflt'i"  pumpint^f  hiis  boeu  riirried  on  for  nomi^  time.     The  Ii(».st         H 
way  lo  lind  tlii>  is  ii*  hin^  n  poi-tahlc  plant  an<l  nin  a  ti'st   for  sovmil        A 
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diitrt   on   indiiction    motors.     For    in.stnnce,  the   iioarost  motor  to   niir 
rciiiiirfd  -J-A  liorsi'ptuvor  is  30  hors^'powiT,  jirul  the  cost  of  tlii-;  will  In- 
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fnrlhfiii.     The  suiiK!  applies  to  the  cost  of  boring  the  wells.     In  the 
most  geuenil  teriiLs  it  may  bo  .stated  that  the  cost  for  ma<"biuery  and 

"ThesH-  are  a|>|>r(ixiiiiat«'ly  fijinren  for  July,  HUM.     The  price  of  indut-tion  motors 
Iiu8  Ijeen  very  prcully  reduced  during  the  [laijt  ytar. 
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erection  alone  should  not  exccwl  §so  per  horr-ppowcr,  and  for  the 
entire  pliuit,  irn-ludinir  wells  itiid  Iniililinj:-,  >^Iih>  per  iinrs.'])o\vtT. 
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By  F.  L.  Kent. 
Aiaiiiililnl  AgririiUurirt,  Oni/nii  Ailrifiilliirnl  fhlli-yr. 

The  nature  of  tlie  work  in  KliuimtL  Ctmnly.  f  hv},'. ,  during  the  sum- 


I>e  ^lriofl^ 


follows: 


mer  or  IWH  nmy  i>e  ririony  aummanzo 

Dctcrminiiti()n  of  losses  liy  seeptiije  und  eviiponition  on  Adams 
ditches,  the  Aiikeiiy.  luid  the  Mitchell  Intend;  the  duty  of  water  on 
38.5-ttcre  tract  and  a  5-aere  tract  owned  hy  N.  S.  Merrill,  a  4i)-aere 
tract  and  h  Strmcre  tnict  ovvnol  by  William  Ball,  a  llS-iicre  tract 
by  free  rtiKMliny  atid  a  llo-acre  tract  hy  checks,  lM>th  owned  l»y  Ankeny 
and  Cantrell;  comparison  of  labor  required  in  different  methods  of 
irrigating:  determination  <if  evaponitiou  froni  Adams  ditch  for  one 
month;  colle<:tion  of  samples  of  soil  and  irrijfation  waters  for  analysis; 
collection  of  data  relative  to  alfalfa  ofrowing,  and  photogniphing  irri- 
gation works  and  liaymakiiiij  appliatrces. 

Irrigation  has  been  iinu-ticed  in  Klamath  County  for  a  considerable 
time,  the  property  of  the  Klamath  Falls  Irrigation  Company,  com- 
monly known  as  the  Ankeny  ditch,  having  beiMi  built  in  iSS4,  imd 
that  of  the  Little  Klamath  Uitch  Company,  loctdly  known  as  the 
Adams  ditch,  having  been  Imilt  in  1885.  Each  of  the.4e  .systems  has 
been  eidarged  to  more  than  twice  its  original  water-carrying  capacity. 

The  first-named  system  is  now  supplying  water  to  about  4,(MH)  acres, 
but  could  eoaily  be  enlarged  to  cover  about  10,(XMJ  acres,  which  area  of 
land  lies  within  ea.sy  reach.  Under  this  system  water  is  sold  on  the 
basis  of  lf2.r)U  per  California  miner\  inch,  each  user  taking  about  1 
inch  for  every  2  acres.  The  water  supply  is  taken  directly  from  Kla- 
math Lake  and  distributed  along  about  !♦!  miles  of  main  ditch. 

The  Little  Klamatli  Hitch  Company  (.\d«ms  ditch)  takes  its  water 
supply  front  Little  Klamath  Lake  by  a  channel  recently  cut  through 
alKiut  +  miles  of  tule  growth  discharging  into  White  Ijiike.  thence 
through  a  ileep  cut  of  about  1  tnile  iiitu  the  Lost  lti\er  Valley.  Here 
two  branches  about  s  milas  in  length  supply  about  5,(XM>  acres  on  the 
south  side  of  Lost  River,  while  the  greater  portion  of  the  water  pass- 
ing tlirougli  the  cut  is  tlumed  across  Lost  Kiver  and  distributed  by 
means  of  two  main  ditches  of  about  32  miles  total  length  to  about 
8.(MH»  acres.  I'nder  this  system  water  is  delivered  to  users  at  the  n»tc 
of  $1.50  per  acre  fos'  the  season. 
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Tlitit  [lortidn  of  Ihr  water  wliicVi  is  not  tliniii'd  iuto.sn  Losl  Uiver 
beloiiijs  U)  a  stuck  ot'»;utiiziiti(jn  ktiuwii  iit^  \'!Ui  Hriiinin'r  I'itrli  (_'i)m- 
puny,  which  operatt's  aliout  a^*  follows:  Then'  arc  about  5,ini(i  unvs 
uikIpv  thi'  ditch.  I'lich  aiTcof  which  rppn-scuts  out'  share.  f)ii  Miiy  1, 
lUdri.  wluMi  tlic  ditch  property  wujs  purchased  from  Van  lirinmier 
Brothers,  the  originators  of  the  system,  the  sum  of  li^5  per  sliare  was 
{mid  iti  for  tlic  pundiase  of  tlie  property.  Tiic  e<ist  of  iiiaiiiteiiiince  is 
to  l»e  as.sesscd  pro  rata  per  share,  and  it  is  estimated  that  this  item  will 
amount  to  les.s  than  2J)  cents  jicr  shine  annually,  which  assimiption  is 
warranted  hy  the  results  of  the  pust  two  ifrowinir  seasons. 

On  Spraeiie  River  thi?  canals  of  the  North  Fork  Irrigating;  Compauy 
and  the  Spnigne  Ri\er  Irrifjatioii  Company,  each  cover  about  2,(MJ0 
acres.  These  tiiteties  are  about  li'  and  11  miles  long,  respectively, 
including  the  principal  Literals.  They  are  both  stock  concerns,  the 
shares  being  held  liy  the  water  users. 

On  WoihI  Kiver  prairie,  whicii  lies  to  the  northward  of  Klamath 
Lake,  some  ;i,i)iiO  to  4.0U0  acrt-s  are  irrigated  from  the  mountain 
streams  fed  by  the  snows  of  Crater  I^ake  Mountain  (Mount  Mazaom) 
and  other  Iiigh  mountains.  Here,  us  on  8|»rague  River,  the  water  is 
very  cold  (54  F.  observed  at  2  p.  m.,  July  T)  and  is  used  mainly  for 
the  irrigation  of  wild  gras.ses.  It  is  doubtful  if  sinqjlor  irrigation 
engineering  problems  can  be  found  anywhere  than  those  of  the  Wooil 
River  prairie.  Thi.-  whole  area  slopes  uniformly  toward  the  south 
with  a  fall  of  3  to  5  feet  per  mile.  Wood  River  and  smaller  streams 
have  such  very  low  banks  that  the  water  may  lie  diverted  at  almost 
any  point.  The  uniformity  of  the  surface,  and  the  ease  with  which 
the  soil  is  worked,  make  it  possible,  as  reported,  with  three  horses  on 
a  plow  and  six  on  a  road  nuiehine  to  eonstruet  l)etweeii  4  and  .">  miles 
of  "■  surface  ditch"  in  a  day.  And  the  system  of  applying  the  water 
la  quite  as  simple.  As  one  user  expressed  it,  "there  is  no  system; 
water  is  simply  leil  out  on  the  higher  lands  and  allowed  to  flood  those 
of  a  slightly  lower  level.  The  water  is  genenilly  turned  on  to  wild 
meadows  about  June  1  and  left  on  from  four  to  six  weeks." 

Under  the  Ankeny  and  Lost  River  systems,  the  principal  crop  grown 
is  alfalfa,  although  wheat,  oats,  and  barley  are  largely  grown.  Alfalfa 
yields  4  to  5  tons  of  hay  per  acre  piT  season,  there  being  two  cuttings. 
Wheat  yields,  per  acre.  2n  to  'Ai*  bushels;  oats.  W*  to  T>ii  bushels,  and 
barley.  40  to  6li  bushels.  Two  and  sometimes  three  irrigations  per 
season  are  applied  to  alfalfa,  the  Hrst  about  May  15.  and  the  second 
about  July  l."*.  (train  usually  gels  but  one  irrigation,  and  that  about 
June  1.)  to  ;i().  li'rigators  estimate  that  about  the  same  amount  of 
water  is  applied  at  each  irrigation. 

In  addition  tt>  the  systems  already  mentioned  considerable  irrigation 
is  done  with  the  water  of  springs.  The  Gritl'eth  luul  liurd  water 
wheels  on  Lost  River  each  furnish  sutticient  water  to  irrigate  *25()  acres, 
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Hiid  Mr.  F.  .1.  BowMc.  <>f  R(iiinnz;i.  ii])iK'r  Lost  RivLT  \'nlk\v,  Im.s  this 
year  (191*4)  iiistatU'ii  ii  stcarii  inimpiny  plimt  (U'.s)irnt'ii  to  supply  water 
for  the  irrigation  of  alxtiit  1,800  acres. 

Some  iilwi  of  the  iliinatol<)<ry  of  thp  n><^ioii  may  Ik'  ifairicd  from  the 
Weathi'i'  Hiii'eau  rtiports.  as  furnished  liy  voluntary  ohscrvor  Marion 
Hanks,  near  Kiainatfi  Fall.s.  and  j^iven  in  the  following  table: 

PtfcipiUitiiiii  near  klnmntli  FiiIIk,  Onij. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  Jnne. 

July.    Autr. 

sept. 

Oct. 

NOY.  1  Dec. 

Tottl. 

.MOl 

/a. 
A.  90 
Trace. 
3.90 
1.00 

I*. 
1.W 

/n. 

In. 

tn.      In. 
1       ... 

In.       nt, 
Tnii-e.  Trace. 
Tniev.     l.:.i 

0        

A. 

I.SS 

0 

In. 

0.10 

In. 

1.29 
.79 

A. 

2.» 
3.20 
136 

In. 

LMIW 

2.M) 

0  liO 

1.17 
.20 

0.S0  1    0 

1  l.« 

,46  1      .7.^ 

ti.ao 

iSS;;;::;::; 

Trace.  l.I« 
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Muuthly  temperature  (irerayas,  Klantulh  Falh,  Orey. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept. 

Oct. 

NO,. 

40.8 

38.4 

Dec. 

ToUI. 

Of. 
as.2 

K.2 
SI.6 
27.2 

"F. 

31.3 
87. » 
23.8 
30.8 

•>P. 
37.6 
3H.6 
87.8 
3JV.3 

"F. 

48.7 

"F. 

M.8 

"F. 
57.2 
60. 7 
63.4 
59 

"F. 
68.1 
63.2 
65.1 

"F. 
70 

68.3 

54.6 

OF. 

Kl   9 

op. 
32.6 
33.8 
33.8 

op. 
47.3 

sS::::.:::: 

45. 2     .^  N 

64        47.4 


4M.3 

HOB 

4A.8 
47.2 

"w" 

1904 

:;i::i: ;;::..; :::::: 

t 

In  tlic  W'lxxl  River  region  the  avei"age  temperature  is  somewhat 
lower  and  the  precipitation  somewhat  greater  than  near  Klamath  Kails, 
while  ill  the  Lost  River  region  tlie  average  tempemture  is  higher  and 
the  annua!  preeipilutiun  rather  les.s.  The  Spnigue  River  seetion  very 
clo.sely  resenihles  the  Wood  River  region  as  to  temperature  and  pre- 
ciliitation.  The  wliole  area  is  above  an  elevation  of  \.-lw  feet,  conse- 
(piently  siunmer  frosts  are  quite  liahie  to  occur. 

The  work  discussed  helow  was  eai'ried  on  during  the  months  of  July 
and  Augu.st.  A  very  unnsual  rainfall  during  the  first  ten  days  of  the 
month  of  July  interfered  with  the  work,  a.s  the  Ankeny  ditch  was 
injured  tf)  such  an  e.xtent  that  it  supplied  no  water  to  u.sers  for  more 
than  a  week.  .\n  unusual  amount  of  spring  rain  delayeil  plant  growth 
and  threw  the  iirigation  periotl.s  eonsidembly  later  than  usual,  in  fact 
the  July  iiiins  furnished  so  uuieli  water  that  several  grower.^  deemed 
it  unneces.sary  to  irrigale  their  grain  crops,  liene<>  it  is  proliahlc  that 
the  duty  of  water,  as  indicated  by  these  investigations,  is  higher  than 
would  ordinarily  !m^  the  ease. 

LOSSES  FROM  ADAMS  DITCHES. 

The  seepsige  and  evaporation  losses  from  the  Adams  ditches  were 
nK'a.sured  July  15  and  1(1,  tHi)4.  The  old  tlitch  has  a  fall  of  [.X  feet 
|)cr  mile  and  the  new  ditch  a  fall  of  0,T  foot  per  mile.  The  results  of 
the  measurements  are  given  in  the  following  table. 
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lAMuet  from  Adamn  ditnlm. 
I  [In  cubic  fi-et  (kt  svcnnd.) 

I  OLII    IlITI-ft. 

ni»i'hart?e  600  feet  below  Loet  Rivir  Hum.- ^...^ 16.99 

IHvcrsioiiB 1 .  37 

Discharjte  ti  miles  below  upjier  iiieasureoient 13.  81( 

15.2(5 

I        •  . 

I  Loss  in  (i  mi  lew 1.73 

I  Percentage  of  luE8 10.24 

I  NEW    PITCH. 

[  Dischaiye  300  feet  below  Uist  River  flimie 18.16 

Discharge  8  miles  below 15. 88 

I  Loss  in  8  miles 2.28 

I  Percentage  of  loss 1 2. 55 

r  LOSSES   FROM    ANKEIfY   BITCH. 

The  losse.i  from  tlio  AiikiTiv  ilitrh  were  lUfii.siirod  twice  during  the 
season.  The  ditch  was  Uiiilt  un  a  grade  of  1  foot  per  mile.  For  the 
first  mile  the  ditch  follows  a  very  rocky  and.  in  places,  steep  hillside, 
where  iinich  of  the  los:?  douhtlcss  occisrs.  August  9  the  velocities 
were  ineu.stired  by  the  u.se  of  floats  and  August  i!n  by  the  use  of  a  cur- 
rent meter.     The  results  of  these  measurements  are  as  follows: 

Lutie* front  Ankeny  ditch. 

[tn  cable  feel  per  aecond.]  ^^^^H 

ArotisT  9.  ^^^B 

Discharge  200  feet  below  power  plant 4Xm  H 

Diversions 2.00  H 

Discharge  K.5  miles  below  upjjer  station .'{0.38 

38.38 

Loss  in  6.6  miles 6.60 

Percentage  of  loss 12.73 

.^I'OUOT  2t). 

Discharge  200  feet  l)elow  power  plant 43. 41 

Discharge  6.5  miles  below  upper  station 35.57 

Loss  in  6.5  miles 7.  84 

Percentage  of  lo»i 18.06 

LOSSES  FROM  MITCHELL  LATERAL. 

The  lo.<ses  from  the  Mitchell  lateral  of  the  Ankeny  ditch  were 
measured  Augu.st  y.  For  a  large  jwrt  of  the  di.stnnce  between  the 
lK)ints  of  measurement  this  lateral  was  o\  ergrown  with  sweet  clover, 
alfalfa,  etc..  while  in  other  places  occasional  gopher  holes  allowed 
considerable  water  to  escai>e.     It  doubtless  represented  as  unfavornhle 


conditions  a.-<  would  Ik-  tVminl  on  any  of  tiii'  laterals  of  the  Ankeny 
system.     Th<^  results  :in'  us  follows: 

^^_  LttsufM  from  Mitchell  lateral. 

^^^H  [In  L-ubif  feet  per  fleoond.) 

^^H  Diseharg*'  one-half  mile  below  head  gate 3.92 

^^H  Diw;tiar|ri'  U  miles  below  iifpcr  station 3. 12 

^^^^^_^  Ltisa  in  U  iiul('« SO 

^^^^^H  PercentOK^' of  loR? 20 

^^^P  BUTT  OF  WATER. 

I  The  ticld  work  of  IttU-l:  wa.s  liiuitt-d    to  the  niooths  of  .luly  and 

!  August,  and  therefore  it  was  not  possible  to  seeurc  complete  records 
of  the  water  used  diiriiij,''  the  seastm.  The  plan  followed  was  to 
determine  the  quantity  used  in  a  sinjjie  irri»,'ation  and  from  this  esti- 
mate the  quantity  u.sed  during  the  sea.son. 

^V  N.  8.  SLEBRUiL'S  SS.Q-ACKE  TBACT  OF  ALFAI.rA. 

r  This  field  was  irrigated  July  24-28.     The  water  wa.s  meaNured  over 

a  Cipolletti  weir  and  the  depths  reconled  hy  an  autoiuatie  register. 
The  total  amount  was  -lOji'.i  ucre-fet't.  giving  an  average  depth  over 
the  X.S..')  acres  of  6.:i7  iiiehes.  In  the  opinion  of  Mr.  Merrill,  wiio 
applied  the  water,  this  was  al>out  the  usual  ijuantity  he  ha.s  been  in 
the  habit  of  applying  at  eaeh  of  the  two  iriigations  anmially  given 
this  field.  The  check  system  waN  used,  this  being  the  method  usually 
followed  among  the  water  tisers  in  the  Lo.st  River  Valley. 

^V  N.  S.  MEKBILL'S  5-ACBE  TBACT  OF  ALlFALFA. 

I  This  tield  was  irrigated  July  2H-30.     The  water  was  measured  over 

the  .same  weir  used  in  the  preceding  measurement.  At  one  point  the 
'  water  broke  over  the  check  levee  and  a  considerable  amount  rait  on  to 
other  lands,  and  there  was  fully  *>  inches  of  Wiiter  in  [lurts  of  >oun'  of 
I  the  checks  twenty-four  hours  after  the  water  was  tnrned  olf.  The 
^^re.<^ul^s  are.  therefco'c,  considerably  higher  than  wonlil  normally  l>e 
^Vobtnine<l.  'I'he  incar-ui  cments  show  that  s.  77  acre-feet  of  water  was 
r       used,  giving  an  average  de)itli  of  l.7.'i  feet. 

I  WIXLIAM  BALL'S  40-ACBE  TBACT  OF  ALFALFA. 

^^  This  tield  wa.s  irrigated  July  17-:il.  Owing  to  the  delay  in  getting 
^Bwater  into  the  main  <litch  this  tield  did  not  receive  irrigation  which  it 
^^rthould  have  had  about  (he  middle  of  .Iiine  and  had  received  no  wat4>r 

prior  to  tiiis  time.     The  (ield  received  2H.i!!t  acre-feet,  giving  a  depth 

of  8. 78  inches. 
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WILLIAM  BALL'S  96-ACRE  TBACT  OF  ALFALFA. 

Ttiis  tu'M  wits  irrii^iitcti  .Iiily  'iii-^T.  It  Imd  icfcivcil  thf  iistuil  irri- 
gHttoii  in  .liuR'.  The  liclil  roroived  wuler  from  twti  luti'i-nls,  tlie  totiil 
unioiiDt  supplied  lo  till-  two  being  4:7.83  arre-fcot,  giving  :i  depth  of 
6.(ir>  inc-he*i. 


ANKENT  &  CANTBELL'8  118-ACBE  TRACT  OF  ALFALFA. 

Tlii.s  tiidd  was  irrijjali'd  .Aujjiist  8-11.  Thi'  water  was  ajiplied  hy  free 
duodiiii.'  and  was  Mipplictl  )ty  (wo  lateral.-^.  Thf  total  amount  n^rrivi'd 
was  4K.4ti  acrc-fi't't.  f^iviiif^  ii  tleptli  of  i.U'2  inoliL's.  Tlu'  rom|)iirativ('ly 
small  quantity  necessary  to  irrigate  tlii,s  ticld  was  due  to  the  larjrc  dead 
used  and  to  the  faet  that  tlir  alfalfa  liad  made  eonsidcnihle  trrowlli 
siiiee  ciittiiig,  tlius  K-sseiiiiig  evaporation.  Howevec,  some  of  llie  lugli 
sjHtt.s  received  no  waltT.  and  it  is  proltahle  that  the  irrigation  was  not 
<|nit<'  heavy  etvoiigh. 

ANKENY  &  CANTBELL'S  110-AORE  TRACT  OF  ALFALFA. 

This  lield  was  irrigated  August  l4-iS.  It  re<'eived  54. ".i  acre-feet. 
giving  a  depth  of  .*>.H:i  inehes.  The  water  was  applied  hy  tlie  cherk 
system. 

These  two  fields  belonging  to  .\nkeny  A  ('aiitrel!  furni.^h  data  for 
eouipari.son  of  the  cost  of  irrigating  hy  the  elu-ek  sy.steui  and  hy  free 
flooding,  .\pplying  the  water  hy  free  flootling  required  two  men  and 
a  team  for  one  day:  and  phiwing  furrows  and  <ttherwi.se  preparing 
ditches  for  tlie  distrihutioa  of  water,  tlie  services  of  two  men  for  five 
days  were  re<[uired  to  apply  the  water,  and  the  days  were  very  long. 
Allowing  !6l!.r»(i  per  day  for  each  man  and  !>'■_'  foi-  the  team,  the  cost  of 
spreading  the  water  on  the  lis  aci'es  amounts  to  ^'.V2,  or  alionl  '21  cents 
per  acre.  In  applying  water  by  the  check  system  pnietii'ally  no  preji- 
anilion  was  rei|nired  before  turning  on  the  watei',  and  one  man  work- 
ing live  days  was  easilv  able  to  attt-'Uil  to  the  iiandling  of  the  water  for 
lU)  acres.  Taking  the  same  wages  as  Jrefore,  the  cost  would  amount 
to  ^t'J.50,  or-  a  little  more  than  11  cents  per  acre.  This  docs  not  take 
into  account  the  cost  of  checking  the  land,  which  depends  to  a  consid- 
erable extent  on  the  slope.  Mr.  N.  S.  .Merrill,  who  is  a  firm  believer 
in  the  check  system,  estimates  thai  his  checking  has  cost  liini  about 
IfMl  per  acre,  but  he  has  sonu*  land  upon  which  the  check  levei-s  are 
not  more  than  1  rod  a|)art  with  a  fall  of  1  foot  between  cheeks. 

Mr.  .1.  K.  Adams,  who  has  superintended  a  large  amount  of  »'heek 
construction,  says  that  one  man  with  a  "Buck  scra])er"  ami  a  4-horse 
team  can  construct  aliout  one-fourth  mile  of  checks  )>er  day  for  n  .'i-incli 
fall,  and  such  a  working  outtil  is  worth  about  ^.v  per  day.  On  tliis 
basis,  using  as  an  example  the  SO-acrc  lield  of  Mr.  M.  E.  Robin.son,  a 
sketch  of  which  accompanies  this  n-purt  (tig.  4o),  the  cost  of  construct- 
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itifj  the  check  Icvccs  wtmld  aiiimait  lo  iilioiit  ^O.  The  cost  of  locating 
the  levees  would  prolmlily  nninntit  to  ij^iin  iidditionul.  mnkiutf  the  cost 
of  putting  in  the  checks  tilimit  )?^^ii.  (ir  iihout  !pl  per  ucre  iti  this  piir- 
ticulur  case.  This  is  an  idertl  tield  for  the  iippliciitioii  of  the  check- 
injr  system,  iilthoitijh  (here  iire  other  checked  fields  of  equal  area  in 
the  Lost  River  system  which  have  it  less  iiinonnt  of  levee  work.  To 
the  alK)ve  estimate  should  he  added  the  cost  of  putting  in  twenty  gates, 
twci  f<ir  eacli  levee,  although  in  ninny  cases  canvas,  manure,  or  dirt 
dams  an-  used  in  the  laterals  instead  of  gates.  The  ruanure  or  dirt 
dams  are  not  to  he  reconunended.  as  they  re(piire  too  iinicli  laltor. 

A  |>eculiar  feature  iif  the  practice  of  water  users  under  thi^  .\dams 
and  the  Ankeiiy  ditches  is  their  attitude  toward  the  use  or  nonuse  of 
the  checking  system.  Ankeny  <&  Cantrell  are  practically  the  only 
iLsers  of  checks  under  the  Ankeny  ditcli,  and  they  jiropose  to  decrease 


^ 


and  perhaps  eliminate  their  checked  area,  while  practically  all  of  the 
users  under  the  Adams  ditch  tollow  the  check  method.  The  lands 
covered  by  these  two  ditches  approiicli  within  less  than  lo  miles  of 
each  other,  and  to  a  close  observer  there  appears  to  he  no  particidar 
difference  in  the  chanicter  of  the  soils,  except  [leihaps  Ihi-  presence  of 
a  little  more  sand  and  a  trifle  less  clay  in  the  region  served  hy  the 
Adams  ditch. 

EVAPORATION. 

In  the  absence  of  a  regidar  evaporation  pan.  a  pan  13  by  !t  inches 
and  '.t  inches  deep,  inclosed  in  a  wooden  fntnicwurk  >«itablc  for  jirop- 
erly  floating  the  pati,  was  placed  in  the  .\<laiiis  ditch  on  .luly  '.^4  and 
filled  to  a  di'pth  of  T  inches.  The  evajioration  by  seven-day  p<'riods 
■was  as  follows;  First  period,  '■2.t>  indies:  second  period.  '.i.\'2i)  indies; 
third  period,  '2.i>  inches;  fourtli  period,  2  inches:  ne.\t  three  days, 
0.875  inch.     Total  for  thirty-one  days  beginiung  July  '24,  11  imdies. 
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ANALYSES  OF  SOIL  AND  WATER. 
SOILS. 

The  samples  of  .soil  were  taken  to  dfti'rniinv  the  ctfeot  upon  tlie 
soil  of  the  eontiiiuiMl  growinfr  of  alfalfa  irrijrati'd  from  tlie  waters  of 
the  Adams  ditch.  The  claim  had  been  set  up  that  the  waters  of  this 
dit-ch  carried  a  considerable  amount  of  orj^anic  matter  by  reason  of 
tlie  water  slowly  passing  tlirouj^h  a  eoivsidenilile  urea  of  tule  t,'rowth 
before  reuching  the  ditch;  hence  its  use  would  tend  to  build  up  the 
land  irrigated  therefrom.  Sample  A  was  taken  from  virgin  soil 
wiiich  had  never  beiMi  irrigjited.  Sample  B  was  taken  from  a  tield 
which  had  been  growing  alfalfa  continuously  for  nine  years,  having 
grown  just  one  grain  crop  prior  to  Iteing  seeded  to  alfalfa.  The  sam- 
j)les  were  taken  altuut  150  feet  apart  and  represented  apparently 
exactly  the  same  original  soil  conditions. 

The  results  of  the  analyses  are  as  follows: 

AmilyiiiK  uj mil  irriyiiteil  In/  Aduiim  dilrli. 
[DetMTnilialloiis  mndv  by  F.  E.  Edw«r<l»,  Oregon  Agricullural  Conugr?.] 


Corutitnciit. 


Sample  \     Samtile  B 
(vlreln    ,|nlneye«n 
aoll).        InaUaUn). 


l'clu>li  (KjO) 

Llmo  (CbO) 

MaftneslH  (MgO) 

Pli<»phorie  «cid  (P,0()  ..v. 
Nllnigvn 


These  analyses  would  seem  to  show  that  the  soil  is  built  up  by  grow- 
ing  alfalfa    under    the    irrigated    conditions   already    described,    but 
whether  the  increase  in  the  nitrogen  content  is  due  to  the  character  of 
the  irrigation   waters  or  to  the  growing  of  the  alfalfa  on  the  land  is 
not  determinable  in  tiiis  case. 

IRRIGATION  WATER. 

The  waters  of  Lost  Kiver,  which  are  used  at  the  F.  J.  liowne  pump- 
ing plant,  come  from  a  large  ninuber  of  springs.  An  analysis  of  this 
water  with  reference  lo  its  use  both  for  boiler  and  iri'igation  })uriK)ses 
gave  the  following: 

Analytic  of  «-ater»  oj  IaiM  Him;  Oregon. 
|I>«lcrmliiailon  by  A.  L.  Kniwiy,  Oregon  Kxperfroent  Station.] 
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The  follow iiif^  luiiilvses.  made  In-  A,  L.  Knisoly  and  F.  E.  Edwards, 
of  the  Oregon  Experiiiiciit  Station,  jifive  an  itlea  of  tin?  coinpo.silioii  of 
the  irrigfating  watoi's  furnished  by  the  Ankeny  and  Adams  ditches: 

Analy»a  of  iratert from  Ankeny  and  Aiiamf  dilclieii. 


Coiutiinent. 


PftrU  p«r  million. 


1- 
Ullle  -i.  a.  i.  A. 

Klamstli    Adams.    Anlceny.    Adanu.  |  Ankenjr. 
Lake. 


I 


Toul  solid*  (UOOC.) 

Oremilo  mailer 

Uilic«(S10,) 

Sodium  chloride  (.VaO) 

Sodium  carbonnlu  (N«(00i) 

Sodium  aulpliate  (NnjSO.) 

Calcium  rurboiittt*!  (CaCO,) 

MaKi<('"ium  carbonate  (MgCOi)... 

KiuuKeii  IN) 

Iron  and  alumina  (Fe^+Al«0|) . 


SO? 
76 
M 

ao.9 

U.8 


125 


4ff7 

K 

Ift 

75.4 
137.8 


1» 


S7 
60. « 
26 


107.& 
21.7 
«.3 


6.3 
BO 


H».6 

m 

4ft 

2S 

148.4 
SS.& 
» 
63.-4 


174.4 
60 
40 

II.. s 
81.8 
42.5 
85. 2 


2.9 


For  ((raini  per  gallon  use  the  divisor  17.12. 

No.s.  1,  2,  and  3  arc  from  .samples  taken  in  ItHKi,  and  +  and  !>  from 
samples  taken  in  19U4.  Not*.  :i  and  4  were  taken  at  practically  the 
same  p<iints  and  season.s  of  the  year,  namely,  altout  Anjfu.st  1,  at  which 
time  the  ditches  were  carrying'  an  average  ([iiaiitity  of  water,  ami  the 
same  may  he  .stiid  of  No.s.  '.i  and  ."».  No.  1  was  taken  for  the  purpose 
of  determining  whether  any  considerable  change  to<)k  plaee  in  the 
Cijmposition  of  the  water  used  hy  the  Adams  ditch  hy  reason  of  pass- 
ing throtigh  the  tale  growth  and  White  Lake.  The  results  seem  to 
indiaite  an  increa.se  in  hoth  oi'ganir  matter  and  sohihle  salts,  particu- 
larly sodium  and  magnesium  carboiiat^.s. 

PRACTICE  IN  ALFALFA  GROWINO. 

Several  growers  wcic  interviewed  uiuhir  each  of  the  two  systems 
previously  referred  to.  ttie  results  iinlicating  that  there  was  no  es.sen- 
tial  difference  in  the  mctliods  followed  under  the  two  systems.  In  the 
matt<'rof  preparing  the  ground,  it  is  the  practice  to  grow  grain  for  two 
or  more  years  after  clearing  away  tlic  .sugchru-sh  lieforc  .sowing  to 
alfalfa.  The  .seeding  is  uniformly  done  with  a  press  drill,  and  as  a 
rule  no  '•  nurse  crop"  is  used,  \^'^len  such  a  crop  is  sown,  Iwrlev 
seems  to  l»e  |>referred.  Plight  to  10  pounds  of  seed  per  acre  is  the 
amount  usually  .sown,  although  one  grower  recouuiicnded  :iO  pounds, 
atul  another  regarded  t;  pounds,  or  even  less,  as  being  sulticient  if  it 
can  lie  e\'enly  applied. 

The  time  for  seeding  has  iptitea  range,  some  preferring  to  sow  early 
in  April.  Othorsconsider  .hine  1  to  15  as  the  proper  season.  One  of 
the  oldest  and  most  successful  grow  ers  says  h<'  has  had  excellent  results 
from  sowing  during  the  latter  part  of  February.  If  the  seed  is  .sown 
early,  that  is,  prior  to  May  15,  it  will  not  a.s  a  rule  require  irrigation 
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to  .start  a  \ijf<)r(>u.'^  ^I'owtli.  Two  irri<,iitions  arc  iisimlly  {I'lven  tliP 
field.s,  Kiiif  tlii'iv  is  u  growinj^  st'tiliiiicut  in  fuvur  of  llirri'  uj)|)liuiilit)iis 
of  water,  ami  it  is  tho  opinion  of  the  writer  that  the  latter  practice  will 
soon  iKH'umc  jfcncral.  Witli  tlin-e  irrii,'ations  thi-v  would  uoini'  aliout 
fnnr  wi'f'k.s  apart,  licj^iniiinj,'  usniilly  altuut  May  1."). 

Tlir*  tiiNt  cultinff  usually  takes  place  about  July  I  and  yields  2  to  :*.;'> 
ton.*  of  liay  per  acre.  The  second  cuttins'  usuiilly  lakes  place  atmiil 
September  Ift  and  yields  l..')  tu  :i  tons  per  acre.  From  four  to  six 
weeks'  fall  jMisturc  i.s  usually  obtained  after  the  removal  of  the  .second 
cutting.  The  renewal  of  an  alfalfa  tickl  i.--  usually  reconniiended  after 
Heven  to  nine  years  of  ifrowdi.  jilllumjfli  .some  well-cured  for  fields 
seemed  to  bo  in  prime  condition  at  twelve  to  fourteen  yeai"s  of  ajje. 
Treatment  similar  to  that  yiven  new  land  is  recommended  iK'foro 
re.seedinj^  to  alfalfa. 

In  the  opinion  of  .soiui?  of  the  ino.st  successful  growers,  more  damage 
is  done  by  tlieuseof  too  much  water  and  imix'rfect  drainage  than  from 
thi^  use  of  too  little  water.  Ksjjecially  is  this  true  under  the  checking 
.sy.stem.  It  certainly  does  not  take  an  experienced  eye  to  see  that  there 
is  nuK'h  waste  of  water  under  each  of  the  ditch  systems  which  haie 
been  discus-scd. 
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Ily  (I.  1,.   Wai.lek, 
Irriijiiliou  Knijiiirrr,  Wnnliiiujlttn  Agrirulltirnl  Riprrimtni  Station. 

In  tlie  Yakima  Vallev  tht'ie  are  thou«inds  of  acres  of  land  aloiij;  the 
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very  rapid  strcimi  wonki  deposit,  |»i'iricipiilly  coarse  irrHvel  with  very 
little  Miil  over  the  surface.  Such  lands  under  present  methods  uf 
spreudintf  require  very  iai'^'e  i|U!Uitities  of  water  at  a  wetting  and  very 
freijuent  wettings,  ht  sotuc  instances  1  eidiic  l'ot>t  per  seeond  is  U8i»d 
ou  1"  aci'es.  and  rarely  does  a  seeond-foot  ^M^rve  more  than  30  aerea. 
These  lands  are  supplied  froni  small  private  ditches  that  in  most  in- 
.st«nees  have  been  in  rtse  many  years.  They  were  the  tirst  appropria- 
tions from  the  stream,  taken  when  water  was  ahundant.  The  supply 
iteinjr  so  plentiful,  there  whs  no  need  of  ciirefnl  distrihiition.  The 
drainage  tiirongh  the  underlyintj  gravel  heing  perfect,  there  was  no 
fear  of  alkali,  and  sloveidy  methods  of  .spreatling  liave  always  obtained. 

The  writer  has  in  mind  one  instance  whore  the  land  was  so  stony  it 
eould  not  he  plowed,  no  atttMup!  was  made  to  level,  the  sagehrush  was 
gruhded.  the  si-al  was  scattered  broadoisl.  ami  the  water  run  over  as 
best  it  could  he.  When  ~een  the  faruiei-  was  cutting  a  fjiir  crop  of 
alfalfa  hay. 

Under  other  coa<litions  these  wasteful  methods  would  not  only  dam- 
age the  lands  themselves,  hut  woidd  nnitcrially  shorten  the  wat<'r  sup- 
ply. On  these  ri\er-hiir  farms,  Imvvever,  no  damage  is  done;  on  the 
other  hand,  these  great,  deep  gravtd  bars  act  as  a  reservoir  to  hold 
\nic\i  enormous  i|nairtities  of  water  use<l  early  in  the  season.  The 
canals  heading  faither  down  are  heneficiaries,  siiu'c  this  stored  water 
returns  slowly  to  the  streams  and  keeps  up  the  supply  during  months 
when  there  is  a  shortage.  This  would  largely  coiupcusate  if  the  same 
niethtKls  were  not  continued  through  ihi*  months  of  short  supply. 
During  the.se  months  they  really  waste  water  enough  from  th>  already 
scant  supjtly  to  water  tliree  or  four  times  the  area  of  all  the  lands  so 
wasteful ly  served.  This  of  course  limits  the  reclaimed  acreage  lower 
down  the  valleys.  If  the  water  c<udd  he  carefully  and  economically 
Used  on  tln-se  gravelly  lands  from  .July  on,  they  ndght  mutei'iidly  aid 
in  the  solution  of  slcu-age  problems. 
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The  sccpafro  waters  from  tli<^  irrij.'jitod  hmtls  undprthc  Iiiciiiin  eiiii!il« 
Hiul  fi'oiii  tlif  Siiiinvsidr  l!Ui(l>  frnrii  the  iniildli'  of  .Iiily  on.  siipjilv  tlie 
mnjor  {mrt  of  the  water  umwI  for  power  and  irri{fntion  at  Prosser. 

Mra-siii-omi'tits  taken  the  latter  part  of  Aiij^tist  sliowed  soinethinfjf 
over  2n  per  t'ent  a>i  tniich  wati^r  rctui-uini^  lo  the  Yiikii7ia  River  from 
I'liion  (iap  to  Prosser  as  was  used  at  that  lime  for  irrigation  Ix'tween 
the  two  point*.  This  return  water  for  llie  future  will  lii;ely  he  ul! 
tliat  will  be  reijuired  for  irrijriition  and  jMiwc^r  purjKises  at  Prossei'. 

SEEPAGE. 

Some  .seepajfe  measurements  on  Sunuyside  liiteriil.-i  show  surprisinirly 
small  lo.-ises.  Ohservations  on  iirj.otio  feet  of  Snipes  Mounluin  lateral. 
an  extremely  well-silted  ehaanel,  earryiiiff  t!3  cubie  feet  per  second 
showed  only  one-fourth  of  1  per  cent  per  l.ndo  feft.  or  1  per  eeiit  of 
the  iiniuunl  earrifd  for  every  -l-.nuu  fiH't.  The  veloeity  in  this  lateral 
is  slow  and  the  sediment  preeipitHted  is  mostly  vi^vy  tine  sand  and  silt. 
The  water  always  runs  muddy. 

Three-fourths  of  a  mile  of  tfie  Suimyside  Supply,  a  lateml  earryiiiir 
S*.2o  second  feet,  showed  too  small  a  loss  to  Ito  worth  eousidi'rinjr-  The 
upfK-r  end  of  this  lateral  was  well  scoured,  deep  down  into  the  hardpan. 
(he  water  ran  muddy,  and  nearly  th<'  whole  stretch  was  lined  with  line 
silt. 

Of  the  South  Braneli,  a  lateral  earryinj^  lt'».,">l  second  feet,  l.:i!(  miles 
showed  a  loss  of  otdy  I  per  ernt  in  the  entire  distjuice,  and  this  loss 
wa,s  due  largely  to  evaporation.  The  jjradient  was  extremely  tlat,  the 
ciiannel  wide,  the  water  uuich  s]>reiid  out  over  side  herms  and  silt  l>ar<. 
The  water  ran  imuldy;  silt  was  (ie)>osited  in  ]>rofusion.  The  t^augings 
were  made  about  noon  with  the  mercury  ]it;5    F.  in  the  sinide. 

COST   OF  PREPARING  LAND  FOR  IRRIGATION. 

The  cost  of  preparing  land  for  irrijjation  in  the  Yakinia  and  Natohos 
valleys  is  dependent  on  the  stren^rth  of  the  sagebrush  growth,  the 
character  of  the  soil,  the  work  of  tli<'  wind,  evenness  and  slope  of  the 
surface,  relative  proportion  of  ditch  and  tlume,  che<'ks  and  drops  and 
other  tiud)er  structures.  As  the.se  conditions  vary  greatly  thrtnighont 
the  valley  there  must  be  ([uite  a  wide  ditlerenec  in  expense  accounts. 

Through  personal  interviews  and  correspondence  considerable  data, 
based  on  actual  experience,  were  secured,     Som<>  are  given  l>elow. 

We  clcareil  H40  acres  <if  sapeljrush  in  Itie  Kiltitjis  Vnlli'v  and  ]>iit  it  in  Kraiii  liu*t 
spring;.  We  ii!»eil  very  lieHvy  ilnuMc-jpiii;;  plows,  cacli  dnittu  liy  six  lar>«e  aiulc?', 
patting  tlif  fhliiw.H  ri>;lit  iiiln  the  siinclirn.-'li.  Wi' set  tlit-  pluwc  to  fum  H  very  ilif  p 
furrow,  tliiis  (ic'ttiiijif  well  ilowii  on  tlie  rodis  of  tlie  sa>;e  and  giving  tlif  plow  such  a 
firm  (trip  tliiit  the  heiiviest  sage  would  not  cause  it  to  jump  or  lUxtge.  The  plows  cut 
the  sajte  cleiinly  and  on  the  lar^e  lirufili  raised  and  threw  them  to  on€>  mde  rather 
than  covereil  them.     This  work  we  Imd  ilone  under  contract  at  $:!  per  acre,  fi  ai-re-s 


1 


I 


lURIOATION    IN    YAKIMA    VALLEY,    WASH. 


2rt9 


w 


lieing  an  avi-rajn- -layV  work.     It  coet  iia  J1.50  per  acre  to  pick  ami  burn  the  linisli, 
an<l  75  iviits  ]M-r  «riv  In  liarniw  aini  ilrill  in  the  |»rain. 

We  experiiJienliHl  with  walkin'^  plDW."  ami  foiinil  that  tliey  woulil  not  work  at  all, 
as  they  (xiiild  not  In-  kejil  in  the  jtround;  we  ult»i<  trieil  very  heavy  r'ingle-ridinn 
plows,  but  foiitnl  that  they  ilid  riot  take  v'rip  emui^jh  to  prevent  their  flodfinti  siile- 
»ay.«  when  they  eneoiintereil  heavily  r-Hited  <  lumps  of  Hajfe.  The  heavy  Kang  plow 
will  rleanly  n-niove  any  sajje  that  it  is  posxitile  to  jjet  the  niolive  power  through  or 
over.  We  found  the  inule.s  inueli  preferable  to  horsef,  as  they  were  steadier,  easily 
claiiiliereil  throu);li.  around,  and  over  the  !<a^e,  and  did  not  skin  their  legs  like  horaes. 

The  page  was  the  ordinary  sajrebriish  of  this  locality,  in  some  places  qnite  denw 
and  heavy,  often  ehotiMer  hi)jh,  in  other  places  it  was  'small  and  .s<<atterin);  with  a 
thii'k  growth  of  white  or  yellow  Naj,'e.  We  diil  not  pnib  except  hen-  anil  there  a 
cliim(>  of  unn.snally  lar);e  brush  that  it  wonld  ha\e  Ix-en  ini[>0!«'ible  for  n>nl(>s  to 
cliail>  over  or  straildle.  iByslniddle  I  im-an  the  ilfKltsing  of  the  brush  by  a  nude 
fMinp  on  either  side  of  it.)  We  foutid  by  i>lowinK  very  deeply  lluit  the  plows  stixKl 
up  U>  the  brush  much  l)etter,  did  n<it  doil>;e  or  jiiiDp,  and  more  effectively  removeii 
thcni.  The  plows  did  not  clog  to  any  extent.  The  brush  was  bent  over  by  the 
frame  of  the  plow,  and  when  the  riMits  were  cut  V)y  the  [ilowsharv  they  sort  of  kicked 
themselves  free  ami  rolled  onton  topof  the  Kriiund.  We  afterwards  ])iiked  them  by 
hand  and  burniil  theiti.  The  total  ex)iense  of  i;rubbin>;  by  hand  on  the  eiiliri'  tract  ■ 
was  $14.  Certainly  the  jnin.'  plow  is  the  cheapest  and  best  device  for  clearing  sat^ 
linish  land. 

The  land  was  fairly  smiMith  and  was  not  blown  into  hummocks.  It  seltle<l  very 
evenly  and  was  not  eraded  after  lirst  waterintj.  The  wind  liid  not  trouble  u.s  in  the 
least  at  any  time;  it  never  does  in  Kittita.-*  County.  It  sometimes  caused  a  little 
bother  in  haying,  making  stacking  a  little  troul>U-s<3nie,  but  dm-s  not  interferu  with 
Beetling  in  any  way.     The  water  caused  no  trouble  and  washed  no  gullies. 

The  lan<l  clearv<l  was  8W.  J,  ^•.  19,  T.  17  N.,  R.  20  K.;  the  W.  J  of  NW.  f.  sec. 
:*l,  anti  the  W.  i  of  K.  J,  sei-.  'M,  same  township  and  range. 

J.  E.  Fbost. 

Kl.LRMBlit'Kii,  W.tsH.,  Hrreiiilier  >!. 

I  can  not  give  the  information  so  much  in  detail  as  you  woulu  probihly  like.  The 
cost  per  acre  of  inii>roving  my  land  in  the  lower  Sunnyside  Valley  (NE.  J  NW.  t, 
sec.  11,  T.  N.,  H.  Xi  K.,  W.  M. )  was  as  follows: 

(hM  ixrr  acre  of  preparing  Umdfor  irrii/ation. 

Clearing  and  burning  lirush $5.00 

Leveling,  building  head  <litchcs,  seeding  and  watering  first  time.  15.00 

Seed,  IH  [joumls  of  alfalfa,  at  1.5  cent«  per  pound 2.40 

3  pecks  of  whejit,  at  IKI  cents  jier  bushel 45 

Lumber  for  head  ditch,  checks,  and  lath  for  spouts 2. 00 

Total 24.85 

The  wheat  and  alfalfa  for  first  year  iiaid  cost  of  irrigation,  atxiut  $1.50  per  acre. 

The  wwt  of  building  flumes,  if  irrigation  is  from  flumes  only,  would  lie  al)out  $4  to 
$5  per  acre  for  goort,  substantial  flumes  laid  on  the  groutid.  Head  ditchas  i-ount- 
ing  lalKir  of  building,  checks,  sjMiuts,  etc.,  would  be  somewhat  clieaiier,  alxjut  $2  to 
$3..50  per  acre,  but  they  are  more  exjiensive  t">  maintain  and  0(ierate. 

The»e  figures  are  for  rough,  sandy  s<jil,  w  ith  agixnl  hIojk?.  Flat,  sandy  land  would 
cost  more  to  level.     Smooth,  rolling  land  wouhl  cost  less. 

The  brush  was  what  we  would  call  heavy,  the  larger  Iwing  3  to  5  feet  high  and  .3 
to  II  inches  through  at  the  ground;  probably  6  to  10  clum|)s  to  the  square  rod. 
The  brush  was  first  railetl   by  dragging  a  12-foot  length  of  (JO-pound  railroad  iron 
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acroyfi  and  back  over  the  same  ctrtp  in  o|>[K»iU'4lireftioii.-.  Ihii."  fordng  the  brush 
U)th  ways.  This  re<|uire(l  four  Htrons  horse.-'.  .\s  thewiil  wii.'<  rather Mimlv  voUtiiiii' 
nsli,  this  effeitiiallv  Inosp  iiinl  ami  pulleil  up  tliro<'-fourth»of  the  lirush.  The  l(X»<ened 
briii-li  was  tlieti  raktil  into  wimlrown  t)y  ii  hriiMh  rake.  The  ])rocess  left  everything 
(Uttletu'il  amJ  easy  nf  utlurk  with  the  prul)l>iii>;  line. 

This  land  wiu'  gently  rollin);,  with  souh'  (ew  wind-dinniil  lininnioekri  from  I  tn  'i 
fiet  hiiili  amiuid  the  sat^'hrn.-li,  which  were  iihinist  nitirely  levele<i  by  the  railing. 
Tin."  limd  wa.«  earofiilly  lintded  the  tirst  time  and  re«|uired  ni>  adilitional  work  alter 
the  tirst  watering.  It  slojwd  so  (tenlly  that  the  water  did  not  wash  or  rut  deep 
gullies.  The  soil  is  a  light,  K»ndy  loam  nl)out  tlO  fi-et  ileep  with  oit-a^ional  streaks  of 
hard  pan. 

Ross    K.  TlFK.V.W, 
Chiff  Enijiiifi'f,  Wiifhiixjlriu  Irnriiilinn  Voin/mni/. 

Mr.  ,}.  T.  BrowiiHfkl  reported  hh  follow.s  on  -^u  iuii-n  lu'iir  Prosper 
(NK.  i,  NE.  i.  .«<ec.  4,  T.  -.T).  1{.  E.,  W.  M.): 

GnibbinK  and  burninj;  was  itmtrai-led  at  $J..tO  |K-r  mn-.  The  balante  of  the  work 
by  myself. 

Plowing,  ten  ilays  with  2  horses. 

Harrowing,  three  times,  live  or  six  days. 

Leveling,  ten  or  eleven  days  with  a  s<'raperand  str.iighledge,  using  ftmr  horses. 

I'lanliiig,  4  aeres  of  |Kitatoes,  one  ami  oiie-hall  days,  '.i'J  sa<ks  of  potatoes,  $2U;  li 
aeres  of  onions,  two  days  with  iiUmter,  <>.'!  for  seed;  2  aeres  of  pnm[>kins,  two  hours 
with  hoe,  2  jiounds  of  wed,  $2;  r>  acres  of  grain,  wheat,  and  oats,  10  bushels  of  see<l, 
$12,  one-half  day  to  sow  and  harrow,  2  Bcres  not  in;  4  acres  of  corn,  carrots,  lieans, 
[tarsnips,  tomatoes,  etc.,  seed,  f.'>,  and  one  day  rei)ninil  tti  plant,  using  hoe  and 
planter.     Hilches  for  watering  an?  include<l  in  the  above  estimate. 

We  u.'^e  a  rtnlriHid  rail  to  loi*en  sagebrn.-th  and  think  it  the  liest.  Some,  however, 
use  plowshare  steel  drawn  out  sharp  and  bolted  to  a  heavy  piece  of  timlwr.  This 
gives  weight  enough  tn  pull  up  (he  brush.  The  lield  is  then  raked,  grubl»etl,  and 
rake<l  again.  The  most  satisfactory  tiwl  fnr  collecting  the  brush  is  a  rake  with 
heavy  iron  teeth,  mounted  on  wheels  and  operateil  by  a.  lever  like  the  common  self- 
dump  hay  nike.  It  lakes  from  4  to  H  horsi-s  tn  pull  niie  nf  these,  but  they  do  the 
work  thoroughly. 

This  land  was  ubnut  tin  average  of  the  country,  neither  hilly  imr  ixiugh;  some 
draws  to  fill  and  some  knolls  to  take  off.  The  soil  is  ttKi  heavy  to  blow  into  drifts; 
cotiseijucntly  it  was  easily  leveled. 

Thi.-  land  was  planted  !■>  hoed  crops  bo  that  it  might  Ije  regradeil  at  the  end  of  the 
season  and  before  (inally  seeding  to  grass.  To  protect  the  land  from  washouts  and 
gullies  roustderable  cure  niM!-t  Ix-  exercised  when  water  is  tirst  applied  and  until  the 
ground  is  thoroughly  settletl. 

The  soil  here  is  a  heavy  gray  or  bla<-k  loam  svitli  gravel  umler  ami  big  bnwhlers 
on  lop  and  bed  rock  under  the  gravel  at  3  to  7  feet  deep.  There  is  more  or  less 
alkali  in  places  which  comes  to  the  top  and  forms  a  white  crust,  but  the  drainage  is 
goisl  and  will  help  to  get  the  alkali  out  of  the  ground. 

Neil  C'uiiipljcll.  oti  80  Hcres  of  altiilfsi  iicnir  Wapato,  K.  i  of  NW.  i 
and  \V.  ^of  \V.  i,  .scr.  2S,  T.  11.  R.  IH,  rqiorts  l{;i:if)n  por  acre  for 
all  i^xpoiist",  exclusive  of  luteral.s.  Iiead  ditcher,  and  furrowing. 

The  sajrelinisli  on  same  would  nvcnifj^p  from  2  to  Hi  feet  liijjrh  and 
woiihJ  avcnijre  iiUont  H  feet  apart.  To  loosen  it  he  tisetl  a  heavy  piece 
of  tiinlicr  faced  on  {rroiind  side  with  an  8-ineh  piece  of  stetd  lieveled  on 
the  edge;  that  i.s,  the  piece  of  steel  vvoidd  have  iihout  the  >aine  bevel 
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as  a  wood  cliisol.  Holes  wcir  drillwl  tlir<)iiir!i  this,  tlirouirh  wlii<'h 
4-incl)  ))olt.s  weiT  iiisci'tpd  to  holil  it  to  tbr  tiinlior,  wfiicii  should  he  10 
to  1'2  fei't  lony  and  It)  incbessqiuuv.  To  this  four  horses  are  hit<iied. 
It  is  drap<;:ed  ovov  the  saixohrusii  uiul  Imck.  loost'iiiii<r  mid  lireaking 
most  of  the  ciiimps.  The  niki'  i-tnisists  of  a  piece  of  tiinlicr  li'  fci-t  loiipf 
aDd  8  inciies  square,  with  2-iiich  [loles  Ixired  through  iihoiit  1_'  iiuhes 
ajwrt;  into  these  are  put  oak  teeth,  and  shafts  or  loutr  JisirHHi's  are 
attafhed.  These  are  placed  over  the  hind  gear  of  a  wagon  between 
standardi^.  The  lake  is  then  chained  to  the  wagon.  One  man  drives 
and  another  holds  the  sliiifts  of  the  rake,  arid  when  Ix-  wishes  to  clean 
the  rake  of  Urush  lie  bears  down  on  the  shafts,  lifting  the  rake  clear 
above  the  brush,  leaving  it  in  windrows  or  piles;  after  this  fires  are 
started,  which  ai'e  followed  liy  the  ]>low.  and  what  sage  is  left,  whie^i 
will  lie  coiisitlenible,  is  grubbed  out  and  picked  by  hand.  This  was 
not  hillv  land,  but  had  numerous  little  himiinoeks.  For  getting  same 
in  shup<-  for  irrigating  a  steel  scraper  was  used  which  rei|iiircd  four 
horses  to  openite.  This  moves  dirt  I'apidly.  Ow  man  can  operate  it 
and  with  a  little  experience  can  make  a  nice,  even  grade  for  irrigating. 
The  land  was  graded  and  seeded  to  alfalfa  Ix-fore  water  was  applied. 
One  inexperienced  in  grading  should  water  and  regradc  after  first 
irrigating  and  before  .seeding  to  .secure  an  even  surface. 

The  land  hen-  slopes  so  gently  that  the  water  <'an  be  applied  by  the 
furrow  system  without  danger  of  washing  or  cutting  gullies.  The 
soil  is  clay  liljerally  mi.\e<l  with  gravel.  | 

Mr.  H.  J.  Postma,  in  the  Moxee  Valley,  furnishes  the  following 
itemized  list  of  labor  expended  in  preparing  the  land  and  planting  20 
acres  of  potatoe.?  (this  land  is  the  E.  i  of  NE.  i  of  the  SE.  i,  sec.  3t>, 
T.  13  N.,  H.  i;»): 

Two  days  railing,  li  men  and  6  horses;  two  days  raking,  1  man  and 
2  horses;  after  railing  it  was  grubljed,  eight  days  grubbing.  1  man; 
4  days  burning;  plowing,  twelve  days,  I  man  and  ?>  horses;  one  day 
harrowing  on  f>  acres,  2  horses,  1  harrf»w;  leveling,  four  days  for  1 
man  with  3  horses,  two  days  for  1  man  with  4  horses;  planting,  six 
days  for  1  man  and  2  horses;  ditching,  six  days  for  1  man  and  1  horse; 
seed,  13,5iMl  jKiunds  of  pcjtat*)es,  at  $*i  per  ton,  $40.5U;  3UM  lath  tubes 
and  a  little  tliime,  $18. 

The  sagebrush  on  this  land  averaged  about  '2  feet  high,  but  was 
thickly  distributed  over  the  lantl.  The  land  was  cleared  by  using  a 
16-foot  railnjad  rail  bolted  to  a  piece  of  timber  so  that  the  edge  of  the 
rail  stood  like  !i  s<'raper.  H<dted  to  this  limber  and  extending  JHu-k 
for  2  men  to  stand  on  were  2  planks.  Six  horses  pulled  this  machine 
over  the  sage  and  hack,  pulling  up  nmch  of  it  and  breaking  down 
.some.  The  work  was  done  in  the  spring  when  the  ground  was  moist. 
After  this  the  lirush  was  raked  into  windrows  and  burned.  The  land 
was  eoinimnitively  even,  showing  but  few  wind  hummocks.     There 
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were  a  few  dniws  where  tLe  tilled  earth  settled  coiisidenibls ,  but  pota-  \ 
toes  wei-e  planted  on  these  so  that  the  land  eoiild  l>e  regnided  lieforel 
seeding. 

The  soil  is  a  rather  heavv  sandy  loam  underlaid  with  hard[»an  whieh 
in  plnees  comes  ([uite  close  to  the  surface.  This  hardpan  softens  by 
waterinof  and  is  freely  ijenetrated  by  alfalfa  roots. 

Mr.  .lories  .\.  Aves.  near  Wapato.  put  in  lio  acres  by  his  own  labor 
durinij  the  sprinjr  of  lSKt4.  He  estimated  the  cost  of  grubbinjf  and 
plowing  at  $8.;)0  j»er  acre,  or  j>87.5<):  leveling,  if  1  per  acre,  t''2o.  The 
sagebrush  on  thi.>  land  averaged  3  to  4  feet  high  and  pretty  well  cov- 
ered the  ground.  It  was  easily  grubbed  when  the  ground  was  wot. 
The  young  and  willowy  bru.sh  was  plowed  nut.  but  the  ranker  growth 
was  grubbed.  The  big,  coarse  brush  lifted  the  doubletrees  and  forced 
the  plow  i*ut  of  the  ground.  It  is  liest  first  to  use  a  breaker,  consist- 
ing of  two  milroad  rails  I'i  feet  long  bolted  together.  This,  hauled 
over  and  back,  will  break  off  and  pull  up  most  of  the  brush,  after  which 
the  plow  will  usually  cumplete  the  work.  liefure  plowing,  however, 
the  loosened  brush  must  be  mked  nnd  burned.  When  the  grubbing 
hoe  is  entirely  relie<l  upon,  one-half  to  three-fourths' of  an  acre  is  a 
day's  work  for  1  man. 

The  soil  is  from  1  In  4  feet  deep  juid  is  underlaid  with  gravel,  is  of 
a  yellowish-lirowii  color,  and  very  t'asy  to  work.  The  surface  Iteing 
quite  even  very  little  leveling  was  required.  This  farm  was  on  the 
Yakima  Indian  Reservation,  whicli  has  only  a  gentle  slope,  so  that  the 
water  rarely  washes  out  gullies.  The  subsoil  being  coai'se  gravel, 
large  quantities  uf  water  were  reijuired  the  lirst  seas<,>n  or  until  the 
ground  was  well  settled. 

.\rthur  Belliveuu  reports  the  following  expenses  incurred  in  clearing 
40  acres  and  planting  it  to  potatoes  in  the  Moxee  Valley; 

C<tt  of  cUaring  40  an-rt  timi  planting  ftotalot*. 

Grubt)ini;,  mking,  and  burning  aagebniBh,  at  $2.n0  per  acre $1<X) 

I'lovvinii,  at  $2  |ht  acre 80 

Fiiiir  (iiiyw'  wrapiii^  with  2  teuiiig  ami  2  men,  at  $*\  jier  day 24 

Ij?veliiin,  1  iiuin  ami  2  teams,  eight  iJays,  at  JwT 40 

rianting,  sixteen  days,  'A  men  and  1  toam,  at  $5 80 

Seed,  17  tons,  atf<$  per  ton 102 

Ditching.  fit»lil  dayH,  1  tnaii  iind  1  hurs*-.  at  $2 16 


Averajje  cof^t  per  acre.  $1 1. (IS. 


442 


Mr.  John  Michels  on  'Mo  acres  of  reservation  land  reports  a  cost  of 
$31.r)()  per  acre  for  improvements.  One  himdred  and  eighty  acres 
of  this  was  seeded  to  alfalfa  at  a  co.st  of  $40  to  si'45  per  acre.  Co!<t  of 
grubbing  and  burning  was  !f'2.60  per  acre  and  plowing  $2  per  acre. 
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DUTY  OF  WATEE. 

That  group  of  ditches  diverting  water  from  creeks  the  flow  of  which 
is  either  all  covered  by  decrees  or  else  the  entire  flow  used,  was 
reported  last  year  and  conse(iuently  will  be  omitted  from  this  year's 
investigations.  The  lands  covered  by  this  group  amount  to  about 
41,()00  acres  cultivated  and  some  24,(MM)  acres  under  ditch  but  unculti- 
vated, and  will  remain  covered  with  sagebrush  until  more  economical 
methods  in  the  use  of  water  shall  release  some  of  that  now  wastefuUy 
applied,  to  be  used  on  these  fertile  and  valuable  lands. 

A  very  considerable  part  of  the  water  used  on  these  lands  is  covered 
by  court  decrees,  and  in  most  instances  the  decrees  protect  an  extensive 
and  wasteful  use  so  out  of  proportion  to  the  needs  of  the  land  that  in 
some  instances  through  the  rise  of  alkali  they  have  become  worthless 
except  as  reclaimed  by  expensive  drainage. 

The  following  tables  show  the  result  of  measurements  made  in  1904. 
In  some  cases  continuous  records  were  kept  and  in  others  single 
measurements  were  made: 

Dilchen  in  Kittitat  County. 


Acres 
Irrigated. 


Yakinu  Rirer: 

Bull  Ditch  Co 

Cascade  Canal  Co 

El leusbiin  Water  <;o 

Ellison  &Bru  ton 

Andrew  Oleson 

West  Side  Irrigation  Co . . 
reanneway  River: 

H.  H.  Knight 

MastenoD  ditch 

Tomas  ditch 

J.8.Dynrt 

Heider  &  Peterson 

Goodwin  &  Mosher 

William  Krueeer 

Contratti 

Gabrlal  Oandolph 

John  Granslma 

Frank  Amoaao 

Banka  &  Contratti 

Coata  &  Caldrin | 

Coaetti  Brothers I 

West  Fork 

East  Fork I 

Bwank  River ' 

Tanum Creek:  Tanum  Ditili 
Co 


Depth  applied. 
May.    June. .  July.    Aug.     Sept.    Total. 


Diwthargc. 
l>Ate. 


I 


Dis- 
cliarge. 


Cu.ft. 
Inchfg.'  iHchcA,  IiH'tu'f.  Inches.^  I nrheg.  Ittcheg.l  per  ece. 

.x„,  I  I  !(July  13  27.7 

I- 


7,  .TOO 
•20.'> 
KOO 

5.000  I 

170  I 
390  ' 

la-i  i 

275  i 
175 

185  ' 

25 

60 

15 

75  I 

80  I 

40  I 

W 

40  ' 

150 

185  I 

230  I 

3,.)l» 


0.  2ft       4. 75  I 


,»Aug.    8 


Aug.    9 


.   Aug.  12 
.1  July  14 

.-...do 

.  ...do.... 


July  13 


27 


21.6 


8.27 
4. -25 
1.70 
1.40 


20.  :«)f. 
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Dilchei  heading  m  the  Natehes  River. 


Depth  applied. 


Discharge. 


Acres 


Irrigated    j„y 


I  1 

June.    July.     Aug.     Sept.    Total.      Date. 


Dis- 
charge. 


Northwestern    Water   and 

Light  Co 

NatcheK  and  Cowitche 

Union  ditch 

City  dluh 

Old  Schnnno 

New  Schanno 

Brondgage 

Frultvale 

Yakima  Valley  Irrigation  Co 

Basketfort  Ditch  Co 

Schulex  &  Rodenback   (up- 

Scmilea  &  Kodcnback  (low- 
er)  

Scott  Ditch  Co 

The  Powell  Ditch  0> 

The  Fortune  Ditch  Co 

John  Foster 1 

Foster  Natchcs  Irrigiitlon  Co.: 

Natchea    Valley    Irrigation  I 
Co." 

Leach  i  White ■■ 

I»ng&  McCormick I 

MorTimy 

Friend  &  Jacobmn i 

Chapman  &  Shearer i 

Friend  &  Jacobson ! 

Nelflon  Sl  Jacobson ! 

The  Kelley  ditch | 

The  Denton  &  Lowrey 

The  Clark  ditch j 

Wapato 

Selah  Valley  Co 

D.A.Bali 

W.  S.  Carniack 

Harrv  Oriilen 

W.  8.  Slevenx 

Krciicriik  &  Beck 

.lamt'K  Bet^k 

Jsmes  Markel 

iieorKC  Johnson 

Z.  H.  Benton 

R.  S.  andC 

From  Big  Rattle^nake  Creek: 
McI>Hniel.s,WilliamM<<:AlK'l. 

Mile  Creek:  Abel.  Johnson  iS 
McDiuiiels 


Inchei. 


92  ; 

2,044  I  12.5 
2,800  '21 


too 


16.6 


8.75 


Inches.  Incheg.  Inches.  Inchea.  Inches. 


11.2%     11.75     13.50 
25         24.5     


6.71       b6.i 


Cu.Jt. 
per  tec. 


14.75     17  18.26  i 


10       I    9.2    1 12.65      51 


S40 

3,600 

277 

60 

60 
153 
2-19 
201 
40 
42 


1,612  !  21.6       33.5       23.75  122.5       30.6    i  126 
126 
.160 
146 

31 

fA 

90 

90 
385 
197 
274 
1,700 
5,500 

83 
120 

40 

40 

60 

.V) 
17.5 

1.5  ' 

40  ; 
300  I 

245 

130 


.    Aug.  2.5 
.    Aug.  26 


.1  Aug.  25  I 
do... I 


.do... 
.do. 


June  30 
....do... 


June  30 


:  June  SO 
|....do... 


14.5    I  13.25     14.25  i  14.75  ,  11.5         08.5 
4|      I    9        I    7.5    I  10  9  40 


AUR.  2U 
....do... 
....do... 


.5.9 
3.7 


ti.l 
10 
12.7 

1.7 


1.2 
8.7 


8.6 
5.9 


4.2 
.5.7 
3.9 


1 ; 

\                   ' 

7.75  1    7.5         7.75       7.5       8S.2S       6«.8    

i Aug.  JO            .5 

"April,  4.2.'>  inclies. 
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Vniuih  lunilitiij  ill  Uie  Jojtji/m  River  in  Yakima  Cimnly. 


Ams 
(rriK«>«d. 

Depth  applied. 

Dlacbarcc 

May. 

IncHa. 
«.00 

June. 

July.    AUR.     Si'Ct- '  Total. 

1 

D.I.. 

Dl» 
diaigc. 

Stflali  Ai  .MoxtM! ..,. 

6,S00 

1.775 

1.2E0 

100 

)     3,000 
1,400 
4,943 

i,a«o 

2,800 
640 

aw 

120 
100 
U& 
128 
70 

lao 

180 
170 
420 

liOO 
»«.tlO« 

1,300 

laeha. 

».25 



tnrhtt. 
0.7.-1 
9.00 
14.00 

Ine^t.  Inrhen. 
9.75      9.00 

Inrlm. 
46.50 

n,./t. 
prntc. 

Tnylor 

7,75 

12.75 

13.90     18.00 

66.00 



llublwr.I 

3.12 

7.  SO 
».S0 

7.12 

19. 2S 
17.75 

10.76 

37.25 
17.75 

8.78      7.00 
20.50     89.75 

40.00 

va.:iii 

Old  RwHTViiIl4»n 

July    6 

19  10 

Ollbi'rl 

17.00 

W-To 

16.13 

11.00 

. 



McDonold      

, 

July    6 

2.70 

■  .  '1 

MoiKlv  A:  Ihirdin 

1"*  "* 

.......|....... 

Mllitcr     

Jelllsoii  &  Heittun .  -., 



■ 

J   L  Cmtb 

*•>  ... 



KirkwotxI.     Bi.-li«e,     Bailer, 
Bakev,  .Martin  A  Miltim 





Hatch ''illdi    

July    6 

11.30 

11.00 
fi.84 

12.80 
7.10 

10.70 
7.57 

12.30 
6.90 

11.30 
5.10 

"73.00 
'■47.69 

Ptowcr  Falln  Lund  and  Irrl- 

N.  P.  IrriKHlion  Co.,  Kennv- 

3,900 

19.00 

18. 7B 

17.75 

18.!»   

C9H.50 

•■  .Mnn-h,  0.49.  ,\pril..V74.  lK7l"b«T.  8..V        *  April.  4.M:  ()ctob*r,  7.16;  NovfmlHT.  2  18.       'April  T 

The  Toppi-ni^l),  Hiikh,  Kiikwiwd.  P.  (^iioon.  ,1.  L.  t'i;iili.  und  Free- 
iimii  (iitclips  firt>  all  on  tlic  Vukinm  liuliiiii  Kcsci-vatiuii  and  cover  hiiiils 
timt  hnvc  liceu  iiialcr  ciiltiviitinn  for  sumw  tiiiio  iiiid  .should  iv^juirc 
liHi'dlv  !i.s  imioh  vviitcr  us  tlie  (lilkMM't.  The  .soil  i.x  fiiirly  docp  and  is 
piutly  supplied  liy  suhirriuiUioii. 

Tlie  Perry  Clfiniin,  Mcl>oiuild.  mid  Hrif^lit  l<:  Hiitttm  ilitclics,  siip- 
plifd  from  ii  sloiiirh.  are  ulso  on  the  Yiikiniii  Iiuliiiii  Rp.seivatioii.  hut 
cover  new  Isiiids.  The  lirst  two  niuneil  jifet  very  littli>  wsitor  after 
.\ujriist  1:  the  IJrijflit  it  Hidton  jrct  none  after  .Inly  1,5.  The  .soil 
under  these  ditelies  is  3  to  4  feet  deep  and  is  underhiin  with  ijravel. 

Thi'  licddoe,  Miliici-.  Moody,  Piirdin.  Kend.  Jelliiiti,  iind  Ileaton 
ditches  extend  from  ^Viipato  down  tlie  ri\er  4  or  ii  miles.  The  re.sor- 
vatioii  hinds  sii[>]>lied  Ity  tiiese  ditches  have  3  to  4  feet  of  .soil  and  si 
jjiiivel  siili-oil,  lire  very  low.  scarcely  rising  atiove  hij^h  water,  and  on 
account  of  the  coarse  gravel  .subsoil  must  lie  atfected  by  the  high 
waters  in  .luiie  and  July. 

The  ditches  receivini;-  water  from  the  Natches  River  cover  low  bot- 
tom hinds,  old  river  bars,  with  little  or  no  soil  idioveand  n  deep  gravel 
subsoil.  These  lands  use  the  maximum  amount  of  \vut4>r  and  always 
will  until  better  methods  of  distribution  eoiue  into  use.     The  dit<'he,s 
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I'l.  iiiid  us  tlio  wiitt 
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an*  clujr  ill  tlu^  f^nni'l.  iiiid  us  tho  wiiter.s  of  tfie  \ut<'hi'.s  an-  cxfcption- 
ally  clear,  ik>  silt  is  pr*'fi]>ilutcil.  After  flo^iiij^  Iniirfdistaiu-cs  in  >ncli 
rivers  it  is  distrilmtcd  iiiU>  laterals,  head  ditches,  and  lon^  furrows 
of  tlu'  same  kind  nf  nmtoriuls.  With  the  limited  force  in  tin-  Held  it 
W!i>  iiiipossihlf  t<t  iiieasiire  all  the  water  ean'ie<l  hy  these  ditches  diir- 
iii^T  the  season,  but  one  or  more  nieasuremeiit.s  of  most  of  them  were 
made  and  a  careful  estimate  of  the  acreage  secured.  The  ditches  and 
canals  refetj'cd  to  are  iiaincd  as  follows:  Fniit\ale.  Old  Schaiino, 
Sehuler  and  KiHlenhach.  -loliii  Foster.  l'"oster  Xat<'hes.  Hroadgag'o, 
Hasketfor(,  Scott  Ditch  t'ompaiiv.  I'owidi  l>itcli  ('oui|(any.  Foi'fuuo 
Itilch  Company.  Leach  it  White.  Long  it  McCormick.  .Morrissv. 
I>.  .\.  Hall,  W.  S.  C'arniack.  .(arin^s  Beck,  James  Markel,  George 
.lohnson.  Friend  <.t  .lacohsoii.  t_1iin)inan  it  Shearer.  Nelson  A  Jacob- 
son,  liai'ry  (JritTcii.  \V.  S.  Stevens,  Frederick  it  Beck,  Z.  II,  Benton. 

The  excessive  use  of  water  and  lack  of  drainage  in  the  Natches  Val- 
ley is  shown  particularly  on  the  north  side  hy  a  stnall  wa.ste  creek  near 
Shearers.  This  creek  carries  the  waste  waters  from  a  number  of 
canals  supplying  lands  on  higher  benches  and  slojies.  When  u>easure<l 
in  July  it  wa,s  discharging  14  cubic  feet  ])er  second,  and  was  sufticietit 
to  successfully  irrigate  I. -Kin  acres  of  land. 

The  upper  Sehuler  &  Rodcnlmek,  the  Denton  0.  Lowery,  and  the 
t'lark  ditches  water  land  on  the  lirst  bench.  The  soil  under  the?.*' 
ditches  is  from  4  ur  5  to  20  feet  deep,  and  should  not  require  large 
(juantities  of  watt^r.  However,  the  dniinage  is  good  and  the  large 
amounts  used  seem  to  do  little  damage.  The  above  lauds  generally 
ai'e  conditionetl  about  the  .same  iis  those  under  the  Wapato.  on  liie 
opIK)site  side  of  the  river. 

The  soil  under  the  ditches  heading  in  the  Yakima  Ri\er,  in  Kittitas 
County,  is  uuich  the  same.  It  is  heavier  than  much  of  that  in  Yakima 
County,  is  all  uinlerlain  with  gravel,  and  under  present  methods  of 
distribution  reiiuiics  very  large  (piantities  of  water.  The  water  is  car- 
ried ill  ojH'ti  ditches  and  distributed  through  furrows,  in  many  instances 
as  mueli  as  211  to  3t>  feet  apart,  requiring  a  large  and  long  watering  to 
thoroughly  wet  between  the  furrows. 

.\lioul  Klteiislturg  more  water  is  used  than  by  the  West  Side  Irriga- 
tion L'om|)any,  on  the  opposite  side  of  the  river.  The  soil  under  much 
of  the  West  Side  canal  is  deej>er. 

The  Kllensburg  ^\'nlcr  (\impany  and  the  Bull  ditch  cover  very 
stony  lands  throughout  most  of  their  courses.  Marshy  and  alkali 
lauds,  however,  are  slctwly  telling  the  story  of  overwatei-ing. 

Mr.  U.  P.  Tjossem,  under  the  Bull  ditcdi,  has  already  reclaiuied  a 
72-ftcre  tract  of  black  alkali  land  by  deep  undei'drains.  He  comnieuced 
work  as  an  experiment,  btrt  its  marked  sui'cess  has  called  the  attention 
of  hi.^  neighbors,  whose  land^  nuist  soon  lie  drained  or  abandoned. 
Only  the  lands  underlain  with  hartlpan  seem  to  be  aflected.     Wherever 
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rhero  in  a  deep  j^ravcl  siitistiil  witli  iiii  iihs^'iu-c  of  luinljmn  tlio  iitxior- 


tlrai 


IHgH   IS  {JdOll 


The  land."! 


tiic  ii;t( 


lu-tuH 


tho  Ti 


.'ttv 


inaway  arc 

well  walt'i'ctl  liy  homy  snows,  ;itrd  consccjiu'iilly  riMjiiin'  less  irrijiHtioii 
tlum  llidso  at  Iciwrr  IimtIs  t'ltrtlicr  driwii  tin-  ^  iikinm  Ui\iT.  Tlir  soil 
is  deejtiT  lliun  uhout  l^lleiislmrfj.     Timothy  Imy  is  tlic  loidinf;' crop. 

Siiiijlc  ffaui,''iiii.'s  \v<To  tiiadc  on  ilic  Kiiijrlit.  Miisturson.  'I'lioiim.s,  and 
l>ysart  ditchi'.s  .hdy  14,  lHit4,  sliowitiij  an  aMTiiijc  duty  of  I  cidiic  f(K>t 
per  second  to  62  arres.  Such  a  duty  for  the  middle  of  .lidy  would 
l»nint  to  a  very  hi<;li  meat)  duty  for  tlii^  ivrrij,fatioii  season. 

The  ditches  j>au^'eil  rover  aliout  4o  per  cent  of  the  lands  reeeiviiij^ 
water  from  the  Teaniiuway,  and  the  rpiantity  used  may  fairly  he  taken 
as  u  mean  for  the  entire  valley.  i 

The  Taylor.  Fowler,  ( Jnmirer,  Hiihhard,  and  Moxee  canals  take 
water  from  the  Vakima  River  above  Nortli  Ynkitna  and  supply  low- 
lying  lands,  ,'^onie  of  the  lands  tinder  the  Taylor  diteh  are  suhiiTi- 
pited.  The. depth  to  water  in  the  wells  is  cunsiderahly  ath'eted  as  the 
irrigation  advances.  aTul  in  some  instaiu'es  the  water  becomes  hrackish. 
I'nder  this  diti-h  the  water  is  distributed  by  flotidin^'.  Two  irrii»-a- 
tion.s  are  generally  considered  eiiiuigh  for  a  crop.  This  is  an  old 
ditch,  appropriates  2,100  inches  of  water,  use.s  no  measuring  device, 
and  every  man  takes  and  uses  to  the  limit  of  his  desires.  The  gaugings 
from  -Inly  1  to  .Vugust  IT  show  a  duty  of  yit  acres  per  cubic  foot  per 
.sectmd. 

.All  e.vcept  lh<'  Taylor  are  on  (he  eas(  Imnk  of  the  river  and  irrigate 
lands  in  the  Moxee  Valley  immeiliutely  east  of  North  Vnkinia. 

The  damaging  efl'ects  of  overwatering,  or  possilily  it  would  be  Iwtter 
to  .say  lack  of  di-ainage.  are  fretjuontly  seen  in  this  vidtey.  llei-e  the 
soil  is  underlaid  with  hardpan  along  which  the  surplus  water  from  the 
upper  levels  follow  and  ultimately  comes  to  the  surface,  depositing 
bhwk  alkali.  The  SU-acre  hopyard  of  Mr.  Hiscock  was  in  the  line  of 
(his  seepage  and  very  nmiti  danuiged.  lie  put  in  extensive  iiiider- 
dniins  and  has  been  very  handsoniely  paid  for  the  undertaking  from 
the  increased  jirofit.s.  On  August  1,  Ht()4,  the  outlet  flraifi  from  the 
yard  tlischarged  H.I  secontl-feet,  at  least  enough  to  irrigate  370  acres 
of  land. 

Results  under  the  Washiug(on  Irrigation  Company's  canal,  the 
Snmiyside,  show  very  marked  improvement. 

In  1900  they  used  no  measuring  boxes.  Since  that  time  practically 
every  service  has  to  be  supplied  with  a  (.'ipolletti  weir,  and  during  the 
season  of  1!HI4  the  comjiany  employed  a  man  to  keep  tlie  weiis  in  onler 
and  to  .see  that  the  farmers  made  proper  use  of  the  water  supplied  and 
that  waste  wascut  oil'.  From  t!ie  «jld  regime  of  using jmd  wasting  all 
the  water  they  wanted  to  the  present  one  of  plenty  but  none  to  waste, 
the  company  has  met  and  overcome  many  dithculties.  but  through  all 
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of  it  thei'o  has  liec-n  rij^id  fairness.  The  results  of  li«M  show  com- 
mendable projfress.  at  least  when  it  is  rememl»ered  that  the  75-ttire  <luty 
secured  for  the  season  is  based  on  measurements  made  at  the  intake 
n!id  that  the  water  was  distributed  through  50  miles  of  main  canal  and 
about  ;iOO  miles  of  lateni!-. 

Of  the  canals  irrigatin}^  bench  lands,  where  the  soil  may  l»e  con- 
sidered deep  and  where  the  conditiotis  corrcsjwnd  fairly  well  to  those 
under  the  Sunnyside.  only  those  of  the  Yakima  Valley  liiitfation  Com- 
pany and  theSelah  Valley  Coni{«iny  secured  a  higher  duty,  iind  in  Iwth 
inslantes  the  sujiply  canaN  wei-e  much  shorter  and  the  system  of 
lattMiils  uuuh  less  extendetl. 

The  water  duties  in  Washington  have  been  extremely  low  and  that 
on  the  low  gravel  bars  is  yet.  hut  the  uplands  show  marked  improve- 
ments. Men  are  studying  conditions;  are  anxious  to  protect  their 
own  landfi  from  expensive  drainage  enterprises  and  alkali  dep«isits. 
While  many  men  InMieve  that  (he  more  water  the  more  grass  is  a 
true  saying,  they  are  wondering  bow  many  years  their  lands  will  stand 
that  kind  of  abuse  and  still  raise  grass.  The  alkali  wastes  along  the 
Ahtatutin  and  a  few  similar  spots  %vell  distriliuted  throughout  the 
Yakima  X'alley  stand  us  reminders  of  what  was  once  the  finest  gmss 
fields  in  the  State  but  now  covered  with  salt  grass,  greasewood,  and 
jMjnds  of  wat<'r.  For  many  years  men  did  not  know  the  cause  of  such 
dest)lation  and  Hnaiicial  loss.  They  were  even  slow  to  Iwlieve  that  the 
raising  of  the  water  table  had  anything  to  do  with  it,  hut  |>eople  have 
Ijcen  residing  the  tx'st  literature  on  irrigation,  have  l)een  observing, 
and  are  Ijecoming  more  careful  in  the  use  of  water. 
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IRRir.ATinX  COXIHTIONS  IN  RAIT  Rl\' 

By  WlLLUM  Fkani-18  Bartlktt, 

A</iTil  itntl  J-'rjuTt. 

CONDITIONS  WHICH  GOVERN   THE   CONTROL   AND   DIVISION  OF 

WATER. 
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siimll.  conijji'isinjr  all  told  41(),0(„K)  acres.  From  the  staiidpoitit  of  size 
!Uid  tlu-  iii'fii  r('<'l!iiitied  Ity  its  waters  Hjift  River  has  relatively  little 
importance  in  the  irriyable  area  of  Idaho.  From  the  staiulpoiot  of 
problems  involved  in  the  control  and  distribution  of  its  waters,  prob- 
ii\iiy  no  stream  in  Idalio  preseiitM  more  serions  eom plications.  If  the 
dilEculties  met  with  were  purely  physical,  it  would  be  a  simple  matter 
to  overcome  them.  In  diverting  water  from  Raft  River  and  its  tribu- 
taries no  very  dillicnlt  engineering  obstacles  need  be  enconntered. 
However,  few  water  users  have  had  the  l)eiie(it  of  engineerinjf  advice 
or  assistance  in  laying  out  their  ditches,  which  are  in  poor  condition, 
due  in  most  cases  to  an  excessive  ynide.  But  the  condition  of  ditches 
has  been  a  minor  factor  iei  the  control  and  distribution  of  water. 

Raft  River  water  district  of  water  division  No.  2,  State  of  Idaho, 
includes  Kaft  River  and  its  tribntaries  Ix'tweeii  a  line  runninj^  east  and 
west  through  the  center  of  township  13  .south  and  the  Idaho-Utah 
State  line,  and  between  ranges  2tJ  and  28  east  of  Boise  meridian. 

TRIBXTTASIES  TO  RAFT  RITTEB. 

The  South  Fork  of  Raft  River  rises  in  Utah  among  the  Itaft  River 
Mountains,  15  miles  south  of  the  State  line.  The  North  Fork  rises  in 
Idaho  on  the  eastern  slope  of  the  Goo.se  Creek  Mountains  and  flows 
south  into  Utah,  where  it  meets  the  South  Fork,  The  junction  of 
these  streams  forms  (he  main  river,  which  flows  north  ovcv  the  State 
line  through  a  canyon,  and  for  *\  miles  farther  flows  through  a  narrow 
valley  skirting  the  southeastern  border  of  Almo  Valley.  The  river 
then  turns  abruptly  east  and  agwin  enters  a  narrow  .strip  of  land 
henuned  in  on  both  sides  by  lava  hills  and  high  mesas  to  emerge  (5 
miles  farther  on  into  Raft  River  Valley,  through  which  it  takes  a 
direct  northerly  course,  emptying  into  the  Snake  River  4.">  miles  by 
section  lines  north  of  the  Idaho-Utah  State  line.     Raft  River  Valley 
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varies  in  width  from  -1  to  l;j  inili>^,  hetvv(>('ii  the  Blatk  Pino  MoiintaiiiiA 
l^'ing  to  tho  east  iind  liij^h  lavji  liills  risinjf  in  tlic  west.  No  triWut^iries 
flow  from  these  liills  to  Raft  River  except  little  torrents  in  the  early 
Hj>i'inp.  The  river  rei-eivos  it>  entire  snjiply  fruiu  the  dniinaye  of  the 
mountains  aloTiu;  tiie  southern  limderof  the  State  and  the  (too^e  Creek 
Range,  in  whieh  Alnio  Creek  has  its  sonree.  Alum  Creek  is  lo-day 
the  most  iniportani,  and  in  fael  ihi'  !d[-im|i<irtnnt,  tributary  to  Raft 
River  in  the  Raft  Rivei'  dislriet.  Kroin  (ioose  Creek  Mountains  it 
takes  a  generally  easterly  eourse  and  15  miles  from  its  head  empties 
into  Raft  River  ahout  ."»  miles  north  of  the  Idaho-l'tidi  State  line. 

Four  other  streams  that  at  one  time  were  triluitaries  to  Raft  River 
rise  on  tho  northern  slope  of  the  Raft  River  Monnta  us  in  L'tali  and 
flowing  north  em[)ty  i>r  at  one  time  did  empty  into  Raft  Ri\er  in 
Idaho,  anywhere  from  4  to  In  miles  north  of  llie  State  line.  These 
streams  arc  Clear,  Six  Mile,  One  Mile,  and  George  i  reeks,  the  waters 
of  whieh  are  usiuill\'  all  Used  for  irrigation  hefore  reaehing  the  main 
ehantxd  of  tlic  river. 

The  rights  to  water  from  Raft  Kiver  ami  its  tributary,  Almo  Creek, 
were  adjudicated  in  lS!J;-{  in  the  district  court  foi-  Cassia  County.  This 
decree  has  prii\i'd  anything  but  satisfaetory.  This  is  mainly  due  to 
the  provision  in  the  decree  for  a  measuring  device.  The  wording  of 
the  decree  is  as  follows:  '"Each  approjiriator,  under  an<l  by  vii'tue  of 
this  decree,  is  hereljy  leipiiri'd  to  build  and  luuiriluin  a  itox  at  the  head 
of  his  ditch  li>i  feet  long  with  three-eighths  of  an  inch  fall  to  the  i*od, 
with  li  head  gate  so  urnuiged  as  to  take  the  anuiuut  of  water  to  which 
he  is  entitled  imder  this  decree."  How  was  a  umn  who  never  nieas- 
ui'ed  water  in  his  life  to  know  how  to  "so  arrange  his  head  gate  as  to 
take  the  amount  of  wnter  to  whi«-h  he  is  entitled  uuder  this  decree" i 
How  wide  and  how  deep  should  his  Im>x  •"HiA  feet  long  with  a  three- 
eighths  of  an  inch  fall  to  the  rod"  be  in  order  "'to  take  the  amomit  to 
which  1h'  is  entilled  under  this  decree";  riiless  the  water  user  is 
familiar  with  (he  use  of  Kutt4'r">  fornudii  in  figuring  out  ]iroper  cross 
aei^tions  he  is  as  much  at  a  htss  to  know  how  to  measure  the  exact 
amount  of  water  diverted  from  the  stream  as  he  was  liefore  the  decree 
was  renden'd.  It  is  needless  to  say  that  Kutler's  fornuila  is  not  a 
household  word  on  Raft  River. 

The  order  of  the  court,  after  describing  such  a  box  f(U'  measuring 
water,  further  states:  "Atid  every  person  is  prohibited  and  enjoiaed 
from  taking  any  water  from  said  river  or  its  tributaries  at  any  time 
except  through  such  a  liox  and  as  authorizetl  by  tliis  decree."  The  result 
has  beetr  tliat  altlioiigii  the  water  users  were  not  learned  in  liydraidic 
fornudas  or  accustomed  to  their  application,  they  were  ready  to  take 
every  advantage  of  a  decree  such  as  the  above  and  put  in  Imxes  Ifii 
feet  long  with  a  lliri'c-fighths  iiudi  fall  t<>  the  rod  of  any  depth  and 
width  they  chose  anil   so  aminged  their  head  gates  a-^  tn  t:d<e  almost 
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any  r|njiiitity  of  water  tliev  wislicfl.  W!ui  was  to  stiy  wlictlier  they 
were  taking  too  iiuuli  or  too  little,  s'mu-q  they  complied  \Fitli  the  order 
of  the  court  t«  the  letter,  so  far  as  they  understood  it,  and  the  water 
master  knew  tio  lietter  how  to  nieusiire  water  than  the  -water  user 
divertinif  \l<  This  particular  paraLrr,i|>h  in  the  decree  of  the  court  (nw 
heen  the  great  stumbling  hlock  wliieti  has  delayed  the  inaugurating  of 
a  proper  syst<'tn  for  the  nieasiiivineiit  and  distrihution  of  water  fiU' 
Raft  Itiverand  Ahno  Creek.  To-day  many  of  the  water  users  insist 
up<in  itu'  hox  measurement  iis  prescrihed  in  the  decree  and  refuse  to 
put  in  weirs.  The  water  master  i-an  onl}'  en<leavor  to  persuade  the 
water  usi-r  to  place  a  standard  weir  in  his  ditch;  he  can  not  compel 
tiie  adoption  of  the  weir  as  a  measuring  device,  for  there  is  the  decree 
always  lield  up  before  him  and  no  statute  nor  direetion-of  watei'  master 
or  water  commissioner  (jr  State  engineer  lias  availed  to  overcome  its 
defects.  The  result  of  this  state  of  affairs  hjis  Iwen  that  water  masters 
have  assimied  an  arbitrary  way  of  guessing  at  the  volume  of  water 
each  user  was  entitled  to  and  uUowing  the  appropriator  to  take  oidy 
that  volume.  The  fact  that  both  the  water  master  and  the  water  user 
were  conscious  that  neither  could  measure  watei' ac-eunitely  was  a  con- 
stant source  of  friction,  cspeuiaily  during  the  lower  stages  of  the  river, 
when  the  water  became  scarcer  each  daj'  and  more  necessary  to  the 
farmer.  Chaiges  of  gross  favoritism  against  the  water  master  and 
countercharges  of  theft  of  water  against  the  water  user  were  of  daily 
occuri^nce. 

THE  MANNER  IN  WHICH  THE  DUTIES  OF  THE  WATER  MASTER 
ARE  AFFECTED  BY  THE  NATURE  OF  WATER  TITLES  AND  THE 
STATE  IRRIGATION  LAWS. 

Such  was  the  condition  of  affairs  when  the  irrigation  law  of  1903 
took  otfect.  The  passage  of  this  law  could  in  no  way  aB'ect  the  decreed 
priorities  on  any  stream  in  the  State,  but  the  provisions  of  the  bill  for 
dividing  the  State  into  three  water  divisions  (sec.  13)  and  for  the 
appointment  of  a  water  i-oiumissioner  for  each  water  division  (sec.  17) 
have  been  a  long  .step  forward  in  helping  to  solve  the  many  complex 
questions  arising  on  botli  di'creed  and  undecreed  streams.  These  pro- 
visions are  important,  since  through  them  the  services  of  a  man  may 
be  secured  whose  duty  it  is  to  establish  administrative  measui-es 
according  to  law  for  the  projjer  control  of  the  water  districts  under 
his  charge. 


PBOVISIONS  FOB  WATER  COMMISSIONERS  AND  WATER  MASTERS. 

The  water  commissioner^  ai'<'  appointed  by  the  governor,  with  the 
j'onsent  of  the  senate.  The  law  provides  that  one  of  the  water  com- 
nnK.siouer8  first  appointed  shall  hold  office  for  a  period  of  six  yeare, 
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one  for  four  years,  and  oiu*  for  two  yi'ars,  Imt  thnl  after  the  expira- 
tion of  the  first  terrn>  eiieli  euniiiiissioiier  iiiipoiiited  sliall  hohl  otliee 
foi-  six  years,  or  until  his  successor  sliall  Inivo  (jualilied, 

Such  water  coniiiiiBriidnfr  ^^lmil  (Mn^ean  siicli  tlienri'tical  kinnvlL'tifie  of  the  poicnfe 
of  liydrunlii-H  as  will  I'lmMr  him  tn  sii|«Tvisp  the  tnnstriiiliiin  <if  surli  measuriug 
ileviccf"  iw  may  lie  necesHary  to  plai-p  in  niiy  ititi'li,  ciimd,  nr  stream  for  llie  proper 
ineasurcuieiit  nf  water,  lli- shall  he  acijiiainU-Ll  with  the  streams  of  his  tlistrict  unit 
shall  Ik*  capitbk-  of  inslriictiiig  the  water  iimsler  who  may  )>v  plared  in  rliante  of  such 
jttreaniii  in  ull  matters  in  relation  to  the  ilistrihutiou  of  the  water  of  sucli  streams  in 
aeconlanee  with  tlie  priorities  of  the  right*  of  those  using  such  waters. 

The  water  eoiinni!>.sioner  iiin.st  give  hond  in  the  sum  of  ^."i.oiHi. 

The  water  uiusters  for  the  water  distriets  within  a  division  are 
api>ninte(l  )i_\  the  water  coinniis.sioner  of  (hat  division.  Kaeh  water 
master  holds  ofhce  for  one  year,  or  until  his  sueeessor  is  appointed, 
and  may  •>*'  removed  for  failure  to  perform  his  duty  as  water  master 
upon  eoiuplaint  made  to  the  water  coiumis.siotier  in  writing.  He  must 
give  iKirid  in  penal  sum  of  it«.">(Mi. 

DIFFICULTIES  ENCOUNTEBED  IN  INSTALLING  MEASURING 

DEVICES. 

The  first  water  master  appointed  on  Raft  Kiver  hv  the  water  eoni- 
misMsioner  after  this  new  law  went  into  etfeet  had  had  no  training  or 
experienee  in  hydraulies.  lie  was,  however,  a  eonseientiotis  worker 
and  endeavored  to  the  hest  of  his  ahility  to  divide  the  water  in  an 
equitable  way.  A.s  an  experiment,  he  phiced  seveml  weirs  in  different 
ditehes  along  Almo  Creel;,  with  the  consent  of  the  water  users. 
Unfortunately,  these  so-eallcd  weirs  in  no  i-ji.se  met  the  conditions 
necessary  for  a  measuring  device.  When  in  the  season  of  1904  a 
proper  weir  was  set  to  meet  the  conditions  neees.sarv-to  make  the  weir 
an  accurate  mea.suring  device,  the  water  master  of  that  .season  was 
told  he  did  not  know  his  business,  and  was  threatened  in  every  wa}' 
for  placing  in  the  canal  a  weir  with  the  correct  dimensions.  When  it 
came  to  measuring  the  water  over  the  new  weir  the  ditfei-ence  in  dis- 
charge between  the  two  measuring  devices  was  .so  marked  that  vigor- 
ous objection  was  made  by  the  water  users,  and  after  the  weir  was  set 
it  was  pried  up  with  crowbars  and  the  water  allowed  to  run  under  the 
weir  board.  The  penalty  for  this  offense  under  the  new  law  is  a  tine 
not  to  exceed  !fl<H).  or  imprisoiunent  in  the  county  jail  not  to  exceed 
six  months,  or  both  tine  and  imprisonment. 

A.S  it  wa.s  the  desire  of  the  State  engineer  and  the  water  coninns- 
sioner  to  lielj)  the  water  users  to  uinlerstand  the  new  rulings  and 
reipiireinents  and  to  straighten  out  the  difficulties  met  with  with  as 
litlle  fi'iclion  as  possible,  it  was  thought  l)est  not  (o  pro.seeute  the 
offenders.  The  new  State  irrigation  law  was  -till  on  trial.  Much 
opposition  to  its  operation  in  various  districts  was  shown,  and.  in 
order  to  spare  it  from  open  political  antagonism,  as  was  threatened  in 
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sonn'  sections  of  tlic  Uuft  Uivff  waif r  di-^trut.  the  water  iiiit.Hti'r's  utti- 
liide  lijut  often  to  1)0  iiiote  i*uneiliat«in"  ihiu)  lie  pei'sooallv  dooiued 

DEFECTS  OF  THE  PRESENT  LAW  AS  APPLTING  TO  THIS  DISTRICT. 

Tlw  weakeist  jKiiiit  in  tlie  new  law  encoiiiitpred  liy  the  water  master 
oil  Raft  River  iti  tlie  season  of  l!t()4  was  tlie  .sani(>  as  the  weakness  of 
the  old  law,  and  is  found  in  section  31,  wliieh  reads  as  follows: 

Set.  31.  The  appnipriator  of  any  of  thi-  puWie  waters  of  the  State  shall  maintain, 
to  the  SBtipfaclio)!  of  the  water  couniiiwioiu'r  of  the  iHatriH  in  which  such  a[>pro]iri- 
atioii  is  niiiile.  a  sntisiliinlial  heail  <^tr  at  tlie  [Ktiiit  where  tiiu  water  is  ciiverttd,  whirh 
^hall  lie  iif  Hiich  cimslriiilidii  lliat  it  ran  bi*  Imkcd  iiuil  kept  rlosiii  hy  tliu  water 
nia'^ler  or  other  ntlicer  in  rhHr)te:  and  .■iiicli  nppropriatur  sh.tll  cMinstrut-t  ami  main- 
tain, when  rerinire<l  hy  tlie  water  coininlffioner,  a  rating;  Hvinn*  or  other  nira'^uring 
deviee  a*  near  the  heail  of  such  ititch  Of  is  pnu-ticaUle,  (i>r  Ihe  juirpose  of  asjistinn 
the  water  nia-xter  in  ili'terniiniujr  tlie  amount  that  may  he  ilivi-rteil  into  saiil  ditch 
from  the  stream.  I'lans  for  siuch  rating  Humes  or  other  meiUHnriii);  devices  Hhall  le 
fiimislieil  In'  the  State  engineer.  It  t^hall  al.ni  lit-  the  dnty  of  those  taking  water 
from  a  stream  whosie  waters  have  l>een  allotted  to  place  al  snitahle  intervals  on  ."aid 
stream,  under  the  direetion  nf  tiie  water  eotnn)is.''ioner  of  the  div  i.<jion  in  wliicli  such 
stream  is  situated,  siittahle  meiisurinp  devices,  so  that  Ihe  How  of  such  stn'am  may 
lie  properly  iiic]t»ureil.  H  any  u.'ier  or  ap])ropriator  of  pulilic  waters  that  may  or 
may  not  liave  tieen  ullotteil  should  iiei^ieil  or  refuse  to  |>ut  in  such  head  inmates  or 
mea.siirinp  ilevici-s  us  will  pnivide  (or  the  proper  ilistrihution  of  said  water  ace<irding 
to  the  riclits  of  the  s«-veral  parlies  entitled  to  the  use  thereof,  after  ten  clays'  notice 
to  do  »!  liy  the  water  lommissioner,  it  shall  Iw  the  duty  of  said  eoimnissioner  to  put 
in  Bueh  hea<l  uates,  flumes,  or  measuring  devicea  at  the  exjiea-e  of  the  county  where 
the  expense  is  incurred,  and  saiil  water  ccimnii.>'sioner  shall  make  up  a  sworn  state- 
ment of  the  i^ost  of  such  liea<l  pates,  Humes,  or  lueasuritip  devices,  which  shall  lie 
prefi'Uted  to  the  Iniard  of  county  comuii.ssioners  at  their  (irst  reptilar  meetinj;  after 
tlie  perfoniianoe  of  such  work,  and  said  coiuity  eomm).>'sioiiers  shall  present  a  bill  of 
voBts  to  the  owners  of  said  ditch  or  dilche*:  I'rmiititt,  That  if  Ihe  owner  of  any  such 
ditch  shall  refuse  or  neplet-t  for  ten  days  after  the  presenlatioii  of  such  bill  of  cost* 
to  pay  the  same,  or  any  other  charge  made  against  such  ditch  or  owner  thereof 
under  the  provisions  of  this  act,  the  water  commissioner  shall  ortier  the  head  gate  of 
such  ditch  closed  ami  locked  until  such  clmrge  or  charges  shall  be  paiil. 

The  weakest  point  in  this  seetioii  is  embodied  in  the  elatise  which 
makes  itoUii^tovy  upon  the  water  fomtnissioiier  to  put  in  head  gates, 
tlumes,  or  ateiLsiirin<r  devices,  should  the  user  or  appropiiator  nojflect 
or  refuse  to  do  so  after  ten  days'  notice,  and  to  present  the  bill  of 
costs  t«  the  hoard  of  comity  commissioners,  who  in  turn  piesent  tlie 
bill  of  costs  to  the  owner  of  tbe  ditch  or  ditches  in  which  the  bead 
{pite,  flume,  or  measuriiifr  device  has  beeti  placed  by  the  water  com- 
missioner, witli  the  provision- 
That  if  the  owner  ol  any  such  dil<'h  shall  refuse  or  neglect  for  ten  days  after  Ihe 
presentation  by  the  <'Ounty  commissioners  of  sucli  bill  of  i-ogLs  to  pay  Ihe  same,  or 
any  other  charge  made  against  sucti  ditch  or  the  owner  thereof  under  the  provisions 
of  this  act,  the  water  commissioner  shall  order  the  head  gale  of  such  ditch  closed 
and  locked,  and  such  hea<l  gate'shalt  remain  closed  and  locked  until  such  charge  or 
charges  shall  be  paid. 
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^^  The  wiittT  commissioner  of  wsiter  division  No.  i'  ha-  a  larffc  nmuluT 

I  of  watt'i"  ilistrii-ls  in  liis  <li\  i.sioii.     It  can  ho  readily  uiidfrstotid  timt 

I  he  has  hundreds  of  ditchps  in  tliesc  m'w  districts  which  need   fiend 

I  jftites  imd  proper  nifusuriiiy  devices.     To  inipo>e  upon  liiiii  jjersonully 

L  the  caiTyiiii;  of  these  l)ills  for  liindtei'  iinii  oiher  nuitcriaU  necessary 

^H  for  the  constructitjii  of  head  gfiites  and  uieasiirin«f  devices  and  the  cost 
of  \iiUnr  for  their  construction  and  instalhition  i>  out  of  all  reason. 
He  would  have  to  he  an  iiici|)ient  (uilliunairo  to  liear  the  (irst  e.\|)ense 
and  woidd  have,  heside.s,  to  run  the  risk  of  havinjjhis  hill  disapproved 
f()r  some  unforeseen  reason  Uy  the  hoard  of  county  I'oniiuissioners, 
after  perhaps  curryinjj  tlie  bill  for  three  nnmth-^  liefore  tliat  hody 
meets  to  pass  ujjon  it. 

The  interrt  of  this  section  of  the  law  is  ohvious.  It  was  meant  to 
enaUle  the  water  conutiissiouer  to  eiifoive  the  law  in  rei^ard  to  puttinj*- 
head  gates  and  measuring  ileviees  in  ditcho  liy  depriving  refractory 
liersoivs  of  the  use  of  water  until  such  head  gates  and  flevices  were 
jtrovided.  But  this  penalty  can  not  he  imposed  until  the  l»ill  for  the 
cost  of  material  and  labor  has  been  passed  upon  and  ap|)ro\ed  by  the 
board  of  county  conuuissioners.  and  they  in  turn  present  the  lull  to  the 
owner  of  the  ditch  in  (piestion,  who  still  has  ten  tlay>  of  grace  to  jxay 
the  bill  after  presentation.  The  whole  process  could  easily  involve 
three  uionths"  time  in  the  Kaft  Hiver  water  district,  almost  the  length 
,  of  the  irrigation  sesison. 

^K  A  water  master  hardly  feels  justified  in  incurring  bills  of  this  nature 

^^  at  the  expense  of  the  water  commissioner  or  himself,  for  in  sparsely 
populated  districts  like  Uaft  Hiver  labor  is  not  always  easy  to  obtain. 
and  in  most  casen  for  both  material  and  labor  cash  must  be  |)aid. 
But  neither  tlie  water  commissioner  nor  water  master  has  authority 
to  draw  upon  the  funds  at  the  disposal  of  the  county  conuuissioners, 
except  through  the  customary  process  of  presenting  a  sworn  state- 
ment of  expenses  incurred,  at  the  irgular  meeting  of  the  board,  which.  m 
in  ("assia  County,  is  at  the  end  of  every  i|uarter,  or  tliree  mouths.  f 

The  water  master  of  the  Itiift  River  water  district  for  the  irrigation 
season  of  l!Ki4  was  an  agent  of  tlie  irrigation  and  drainage  investigii- 
tious  of  the  United  States  I)e[)artiuent  of  Agriculture,  who  uiidei-took 
the  charge  through  the  recpu'st  of  the  State  engineer  and  the  water  coin-       ■ 
missiouer  of  division  No.  2.     lie  was  versed  in  hydraulics  and  accus-       " 
toined  to  the  use  of  the  current  irieter  for  i!ieasuring  the  discharge  of 
streams  and  ditches  and  used  one  the  entire  season  to  properly  regu-      I 
late  the  distribution  <jf  water.     Only  a  few  of  the  water  users  on  .\lnio      " 
Creek  ((uestioned  the  accuracy  of  nieasureuieuts  made  with  the  current 
meter,  but  (hey  were  the  men  who  (|uestioned  every  measuring  <levice 
and  preferred  to  trust  to  theii-owu  guess  at  the  ammiutof  water  Howtng 
in  streams  and  ditches  rather  than  depend  upon  recogiuzed  standard 
pleasuring  devices. 
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WATER  TITLES. 


The  decreed  ri;.'-tit>  to  wsiter  frtnn  K;ift  Hi\t'r  iiiid  A  lino  Creek  range 


» 


in  date.s  from  ISTI  to  1NS7.  The  total  iiimnint  nf  wiiter  djrereed  froip 
the.so  streams  i.s  14:2.34  cul)ie  feet  per  second,  or  7.117  miner's  inches. 
This  is  divided  iiitiunjj  thirty  individimls.  The  lurijest  total  ii|ipro- 
priation  is  liy  the  Ke<ii.di  Bruthers,  or  the  Raft  River  Land  mid  Cattle 
Company,  ()f  44. !t  i-iihic  feet  per  second,  or  2.-2-iit  miner's  inches,  tiie 
date.s  of  their  priorities  ranjj'iiig  from  ts7l,  tJie  diiteof  the  oldest  rijjht 
on  the  river,  to  1>K^.  one  of  the  later  ri^lit.s. 

The  next  largest  ri^'ht  under  the  decree  is  that  of  the  Durham  Laud 
and  Cattle  Company,  wliich  is  entitled  to  ■_"J.:J'i  cidiic  feet  per  second, 
or  1,111  ininer'.s  inches,  vvitii  ritflits  dating  from  1X12  to  1SS4. 

Eleven  other  rights  decreed  to  water  u.sers  on  liiift  River  proper 
aiiKxiiit  to  2.IMU  miner's  inches  or  4(>.0:i  cnliic  feet  per  second;  the 
largest  individual  right  equals  a'M  miner's  inches  and  the  smallest  40. 
Two  rights  included  in  these  eleven,  comprLsing  330  miner's  inches, 
havi'  lieen  aliandoned. 

The  decreed  rights  from  Almo  Creek  include  a  totid  of  35. (iU  cuhic 
feet  per  second,  or  1,7^0  miner's  inche.s,  divide<l  into  various-sized 
allotments  among  si.\teen  dilTerent  parties  to  the  decree,  the  largest 
individual  amount  being  :iOM  inche.s  and  the  smallest  i>t)  inches,  the 
tlates  of  priority  ranging  from  ls7.S  to  l.ss.'). 

ATTITUDE  OF  THE  IRRIGATORS. 

On  a.ssuming  the  duties  of  water  inastrr  in  Raft  Rivi'r  water  di.strict 
for  the  sea.son  of  ino-l,  after  having  heen  duly  odied  to  such  duty  on 
April  l.T  liy  a  sigiifil  iiclition  from  two  water  users  on  Raft  River,  tin- 
water  lua.-ter's  iiitrodiiclioii  to  the  water  (i>ers  of  liis  district  was  in 
the  f(H-m  of  a  threat  of  an  injunction  from  tin"  water  users  of  Almo 
Creek,  leslrainiiig  him  from  exercising  any  jurisdiction  over  that 
partiriilar  -eitiou  of  llu*  Haft  River  water  tlistrict. 

Almo  Creek,  as  has  been  sjiid,  i.s  the  principal  triluitary  to  Raft 
River  in  this  district,  and  under  the  terms  of  the  decree  is  recognized 
as  a  tributary  until  .lune  l."»  of  each  year.  According  to  the  judg- 
n)ent  rendered  hy  Judge  Lyttleton  J'rice  in  the  Raft  River  contempt 
ciLse.  "  the  wafer  fh»wing  in  Almo  Creek. up  to  that  time  each  year  is 
l{afl  River  water  ami  i.s  intended  to  be  <leidt  with  and  awarded  and 
distributed  as  siicii."     .ludge  Price  also  says: 

From  llie  <niniiienieiiieiit  n(  iriiiiHlioii  each  yi-ar  to  Jiiiio  1.5,  prioritie)-  of  ripht 
iniiHt  lie  n'c<))riii/.i-cl  ami  cuiiirrrcl  lief vm'cii  all  |nirtiii>  In  the  <lei-pee,  those  rtfiilciil  on 
Itaft  Kiver  aiul  on  .Mum  Creek  alike  in  all  resiiieot.".  Alter  .luia-  l.i  each  year  prior- 
illec  of  right  on  .\lmn  (.'reek  are  to  lie  reeojfiiizcU  and  enforced  U8  lietwcen  residents 
on  Almo  Creek  only,  refwnlless  and  irrespective  (if  the  dates  of  the  rigliti^  of  resi- 
dents oil  Haft  Kiver. 
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'I'hi-  di'cHM'  of  Ihc  ilistrict  comt  is  explicit,  Imt  tho  water  iwfi>  of 
Aiiiii)  C'rt'ck  wisliftl  tt>  inn  «■  tin'  Knft  l{iv<T  docrw  rr<»)»ftiiHl  iiiifl  Almo 
Creek  set  aside  a**  a  sepiinite  and  distiiu-t  wati-r  ilistriit  for  tbc  entire 
trri]t>-atin}f  seiisoii  of  I'luh  yeiir  instcsid  of  from  .luiif  l.>  cm-li  ycur  iis 
till'  dt'cri'p  ^jxH-iriesi.  Tlu'V  tlmiifilit  lliat  lo  servi^  an  iiijiuu-tioii  oji  the 
lijift  River  water  timster  restraining  liini  fiotii  excrciisinp  jurisdiction 
over  the  streuin  would  he  the  lirst  step  in  h-ijiii  proccediiiirs.  On 
April  I'J  the  wnler  master  wiis  informed  that  an  injunition  would  he 
served  agiiinst  him  within  ii  few  days  and  thiit  he  might  as  well  not 
waste  his  time  iiispeeting  that  sec;tinii  of  the  district.  However,  the 
water  muster  was  ohiiged  to  follow  out  the  orders  of  the  i-onrt  s|)eci- 
lied  in  the  decree  and  instructed  the  representative  of  the  Almo  Water 
C'omjJtiny  to  put  in  a  proper  nieastiring  rleviee  at  the  head  of  their 
canal;  and  those  who  divert  water  dii'ectly  from  Almo  ( 'rei>k  were 
also  instructed  to  put  in  nieasnririg  devices,  the  C'ipolletti  weir  heing 
^'Uggested  Jt.s  the  best  oni'.  The  water  users,  having  heiMi  advised  liy 
lawyers  not  to  recognize  in  any  way  the  authority  of  tiie  Haft  River 
water  master,  refused  at  that  time  to  heed  any  instructions  from  him. 

The  earliest  rights  on  Raft  River  are  held  by  .\Ir.  J.  .M.  Pierce  and 
the  Keogli  lirotliers.  Their  farms  are  adjacent  iind  are  situated  at  the 
lower  end  of  the  Raft  River  district.  The  Rierce  ranch  has  a  water 
right  for  10.72  cuhie  feet  jier  second,  or  b'M  miner's  inches,  dated 
from  I.STl.  The  Keogh  Brothers  hold  rights  for  H*.  1  cnl)ic  feet  [K-r 
.second,  or  505  inches,  dating  from  liSTl;  Ui  cuhic  feet  per  second,  or 
800  inches,  dating  frcnu  1S7H;  2.4  ctilitc  feet  per  second,  or  120  inches, 
dating  from  |ss[;  H. 4  cuhic  feet  per  second,  or  ;i20  inches,  dating  from 
If<82.  and  lo  cuhic  feet  jvcr  second,  or  5tH>  inches,  dating  from  1.SS8  -a 
comliined  (juaiitity  of  44. !i  cuhic  feet  ])er  second,  or  2.24,")  inches. 

Lying  iimnediately  ahove  these  two  Ijirge  ranches  are  live  smaller 
ranches.  Their  water  right'^  are  nil  of  Intel-  dates — 1HS4.  1886,  and 
Is.sT.  Their  coinhini'd  rights  uniDiint  to  Is.iioculiic  feet  per  siecond, 
<)r  !t;in  inches. 

Above  these  ranches  are  the  holdings  of  the  Durham  Land  and  C'attle 
Company,  which  e.vtend  for  7  mdes  np  the  river.  This  land  is  entitled 
to  :i2.22  cuhii  feet  jx-r  second,  or  LIU  inches,  with  priorities  dating 
from  1872  to  18«4.  Ahove  this  ranch  are  located  three  small  ranches, 
whose  condiined  water  rights  anujunt  to  4.1  cubic  feet  ]>er  second,  or 
20.")  inches,  all  dating  from  l.svj. 

It  will  be  seen  that  the  earliest  rights  are  attached  to  land  lying  at 
the  very  lowest  extremity  of  the  Haft  River  district.  The  f»wner-  of 
these  rights  have  iialuially  gmiided  them  jealously.  an<l  friction  has 
always  existed  lietween  ovvneis  oF  the  two  larger  ranclu's  and  the  own- 
ers of  the  smaller  ian<hes  Iving  immediately  ahove  them. 

To  jmlge  whether  the  rivei  had  a  suHicient  amount  of  water  to  till 
the  ]!SK4  rights  or  only  enough  In  Mitisfy  the  ISSli  rights  was  the  task 
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of  the  water  iiiHster.  who  nt  ho.st  cfuild  inaki'  an  iip]>r()xini!Ue  cstinitite 
oti!y,  UM  tlicro  wiis  no  nirii.-uriuj,'  dcvici'  in  ttii'  rivci-to  ^;iuyf  the  tiinoiiiit 
of  wat«r  flowing  thcrciii.  This  ik'cision  was  of  vital  ijiiportance  to  the 
posses^lOI•s  of  1SS4  fiirlit>.  \Vilh  tlu^  convict  ion  1 1ml  ttic  wiitor  users 
al)ovt'  tht'in  on  tin'  stream,  l>oth  on  Ruft  River  ami  Ainio  L'reck,  were 
taking  more  water  than  they  were  entitled  to,  while  the  water  master 
at  times  was  nllowinjr  a  proater  supply  of  water  than  was  necessary  to 
pass  their  head  gnU's  to  >npply  the  rights  lielow  them  without  allowing^ 
them  a  drop,  tlie  farmers  with  iSHi  and  later  rights  felt  that  they  were 
"*  between  the  devil  and  the  deep  sea." 

On  the  othfi'  hand  the  water  master  was  often  found  fault  with  l)v 
the  larger  ranch  owners  for  not  satisfying  their  rights  before  favoring 
the  later  ones.  The  friction  caused  in  the  division  of  water  on  the 
lower  end  of  the  river  resulted  in  the  farmers  seeking  outside  advice 
in  regard  to  reliable  measuring  devices.  Weirs  were  placed  in  several 
ditches.  One  was  set  for  the  Kengh  Brothers  by  the  then  State 
engineer,  Mr.  .Mills.  Mr.  F.  M.  Liingfor<l,  a  holder  of  an  18S4  right, 
who  from  his  theoretical  knowledge  of  hydraulics  and  his  pnu'tical 
experience  is  the  best  informed  man  on  the  river  in  regard  to  the  flow 
of  water  in  streams  anil  ditches,  helped  set  two  or  three  other  weirs, 
and  an  endeavor  was  made  to  measure  accurately  the  water  on  the 
lower  end  of  the  river.  However,  weirs  were  not  placed  in  all  ditches, 
iuul  the  unceitainty  as  to  the  cpuintity  of  water  received  by  those 
diti'hes  where  the  old  measuring  box  was  still  in  use  was  a  cause  of 
continual  dissatisfaction. 

In  !!»(*+  the  fiirnicrson  Raft  River  proper  showed  a  willingness  from 
the  .start  tti  accept  the  recommendations  of  the  water  mast^M-  and  to 
place  in  their  ditches  what  measuring  devices  were  neeessai'v  or  to 
repsiir  those  that  needed  alteration.  However,  much  tlissatisfartion 
has  lieeti  felt  by  these  men  Iwcause,  while  they  are  entirely  willing  to 
have  the  water  decreed  to  their  lands  measured  by  the  mi>sl  accurate 
measui'ing  devices  whicli  can  be  made,  the  .\lmo  Cretdt  water  user* 
still  continue  to  have  their  water  mejusured  to  them  by  guess  or 
through  useless  mea'-nring  devices. 


STATUS  OF  THE  ALMO  WATER  COMPANT. 

The  Abni)  Water  Company  is  roinposcd  ^^f  all  the  parties  to  the 
liaft  River  decree  who  derive  their  water  supply  from  Alino  Creek 
and  its  tributaries,  with  the  exception  of  one  man  near  the  mouth  of 
the  creek  who  controls  14n  inches  of  water.  This  company  has  com- 
bined all  the  decreed  rights  into  one  common  right,  irrespective  of  pri- 
orities. To  those  members  of  the  company  who  are  parties  to  the 
decree  are  given  shares  in  the  .Vlmo  Watci'  Company  on  the  basis  of 
14  shares  to  ifuo  inches  of  decreed  water.  The  Almo  Water  Company 
owns  100  shares,  according  to  a  statement  made  by  Mr.  Harold  King, 
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whose  fatliLT,  Mr.  Tliomati  O.  King,  is  si  pai'ty  to  the  Uafl  Kiver 
decree  and  entitled  to  1H(»  inches  of  water  from  Ahno  Creeii,  witii  ii 
priority  of  iSSO.  These  shares,  liuwever,  eim  not  he  sold  hy  the  eoni- 
pany  iis  ii  coni^mny,  but  shares  can  and  have  been  aold  by  the  share- 
hnlilers  of  the  company  to  farmers  who  have  no  decreed  rights  from 
Almo  Creek.  These  farmers  are  outside  of  the  Raft  Kiver  decree  and 
are  entirely  dependent  upon  the  water  company  fi*r  their  watei'  sop- 
ply.  If  the  water  company  were  dissolved,  the  farms  which  have 
lieeii  Ijuilt  up  hy  meti  who  own  sliaies  in  the  Almo  Water  (.'ompaiiy, 
entitling  them  to  a  cert^iin  amount  of  water  from  the  company- \s  ditch, 
hu(  who  are  not  parties  to  the  decree  and  have  no  legal  rights  to  water 
fi'oni  Almo  Creek,  would  he  left  without  water  and  ruined.  As  lias 
been  said,  there  are  Iti  water  users  on  Almo  Creek  who  ai'e  parties  to 
the  Raft  River  water  decree  and  are  also  members  of  the  Almo  Water 
Company,  but  Iresides  these  individuals  water  is  supplied  from  the 
Almo  Canal  to  at  least  lu  other  indi\iduals  who  have  no  legal  water 
right.s. 

The  .\lmo  Water  Company  is  not  an  incorfjorated  company:  it  has 
no  legal  standing.  At  tlie  same  time  the  members  of  the  Almo  Water 
Company  claim  their  company  is  not  subject  to  ta.xation  even  in  the 
face  of  the  law,  which  reads  an  follows: 

Till'  (ollo«iii>t  propiTly  is  exfiiipl  fnitii  tiixatiDn:  Atl  irrit»iUiiin  ranuls  unit  diti'hes 
ami  niiter  rijjlil--^  iiji|iiirtftiniit  tliiTctu,  wlnii  llic  mvucr  ur  <ivviii'r>  tif  saiil  irripiliii;; 
aiiiiilH  ami  (litcties  iiw  till- water  tlicri'uf  I'M'liisivi'ly  n|M)ii  Inml  or  laiuls  nvviu'il  by 
liiiij,  hi-r,  iir  them:  I'lmidi-tl,  In  ca.-'e  any  wuliT  lit-  sulil  or  rented  (ri)iii  iiiiy  such  canal 
or  ctitcli,  thfn,  in  thai  event,  such  canal  or  ditch  shall  lit'  taxeii  in  the  extent  of  suoli 
sale  i»r  rental. 

Article  XV.  section  1,  of  the  constitution  of  Idaho  reads  as  follows: 

The  use  ni  nil  watfrs  mnv  iiii)ini|iri:<lril,  ipr  that  may  lie  apiiropriatetl  for  sale, 
rental,  or  ilistribnliun;  also  ui  all  water  orininiilly  a]i])rn]iriati'ii  fur  privati-  nse,  bnt 
wliiili  after  s^ui-h  ajijiropriatkin  has  lierctotort'  Iw-cn,  <ir  niay  he  ri'afler  l)esiil(l,  n-ntiMl, 
o^lli^trilllltell,  is  liLTcliy  ilechircil  to  l>c  a  (nihlic  ust',  anri  subject  to  I  hi'  regulation  and 
control  of  the  .'^tatc  in  tlie  maimer  |iresiTi(>i'ci  hy  law. 

Section  2  of  the  same  article  reads: 

The  rijiht  to  cullect  ratefl  or  canqwHsation  for  ttie  use  of  water  sup]>lieil  to  any 
county,  city,  or  town,  or  water  district,  or  the  inhabitants  thereof  is  u  franchise,  and 
can  not  he  exercised  except  liy  >nithority  of  and  in  the  manner  prescrit)ed  by  law. 

In  distributing  water  from  tfie  Almo  canal,  each  owner  of  a  share 
or  shares  is  given  water  according  to  the  number  of  shares  owned. 
Tw<(  shares  may  represent  an  ■•irrigating  stream "  for  two  hours:  -Jo 
shares,  for  twenty  hours;  oi  when  the  water  supply  is  low  atid  water 
becofues  scarce  in  the  canal.  2  shares  luay  represent  oidy  the  tiseof  an 
"irrigating  streatu"  for  one  hour,  and  '20  shares  the  utm  of  an  irrigat- 
ing stream  for  ten  hours.  The  water  in  the  canal  is  divided,  distrib- 
uted, !ind  rotated  at  the  discretioti  of  a  committee  of  three  iueiiilx>rs  of 
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the  water  coiiiptuiy,  wlio  liokl  tiieir  positiDiis  l>y  ckvtioii.  The  water  is 
not  meusuri'ci  in  any  rf^nlur  way,  Imt  i.s  distril>ut(>rl  in  "  irrijrating 
ln-iKl>"  di'tfrmiiied  l>y  the  i>ri\iit«'  water  master  the  eonijmiiy  appoints 
for  tliat  ptirpdso. 

The  nienihers  of  the  Almo  Water  Company  ehiini  that  iiinler  the 
Raft  Hiver  decree  certain  of  tlieir  iiiemtjers  are  entitled  to  specific 
nuiouiits  of  water  from  Ahno  Creek  witli  various  dates  of  priority 
from  1878  to  1885,  and  that  if  throiiirh  inetiiods  of  economical  rota- 
tion of  the  water  to  which  their  canal  company  is  entitled  tliey  can 
iiicrejise  the  irri(,'alile  area  of  their  eoiuninnity  l)v  selliiiif  or  rentinj:^ 
the  siiriiliis  water  t,'ained  liy  the  practice  of  rotation,  tiiat  the^v  should 
be  and  are  entitled  to  dispose  of  the  water  decreed  to  niemljers  of  the 
company  in  a  vvay  to  obtain  its  hiifhest  efficiency". 

The  water  users  on  Haft  Kiver  who  are  parties  to  the  decree  and  who 
divert  water  fi'om  Kaft  River  iirojier  have  an  entirely  opposite  opinion 
as  to  the  rijjhts  of  the  Almo  Water  Company  to  dispose  of  any  surplus 
water  hy  renting  or  selling  it.  Their  contentio]i  is  that  if  the  |>artie.s 
to  the  Kaft  Kiver  decree  on  Almo  Creek  can  not  put  all  their  water  to 
heneticial  use  upon  the  land  to  which  the  findings  of  fact  made  the 
same  appurtenant,  the  Almo  users  have  no  right  to  sell  the  exces-s  to 
he  conveyed  to  other  lands,  Jjut  mu.st  turn  it  hack  into  the  stream 
and  allow  it  to  go  to  the  next  ai)propriator.     The  decree  reads; 

It  ii>  furttiiT  foimiiierwl,  oriler(-<l,  atljuiliinl,  nml  (iecrt-ed  thai  when  llie  waters 
ai>|(rip|>riuti'<l  are  not  nitfled  for  n.-eful  ami  heiicfifiHl  |iiir|M>si's,  all  water  fhali  lie 
turiicii  into  the  stream  an")  allowtil  to  p>  down  lo  ll»'  nvxt  appropriulor. 

The  water  users  on  Haft  Kiver  proper  further  contend  tliut  in  every 
case  where  water  is  sold  and  delivered  from  the  Almo  Water  Com- 
])any's  canal  it  is  conveyed  farther  away  froni  Almo  Creek  than  it 
woidd  i>e  if  a[)pli('d  to  the  lands  designated  in  tiie  lindings  of  fact 
when  the  decree  was  rendered,  and  tliat  by  so  conveying  the  water  of 
Almo  Creek  away  from  the  lands  adjacent  to  it,  the  appropriators 
below  are  deprive  I  of  the  Itenetits  of  return  >eepage  to  thi-  sUeiim 
which  they  formerly  enjoyed  when  the  water  of  Almo  Creek  was 
applied  to  the  lands  to  which  it  was  legally  made  appurtenant. 

THE  WATER  SUPPLY. 

On  April  S  the  water  master  set  a  gauge  rod  graduated  to  feet  and 
tenths  in  I{aft  Kiver  under  Mr.  F.  M.  Langford's  Iiridge.  and  a  daily 
record  of  gauge  heights  was  kept  by  .Mr.  Langfortl  until  .lm»e  !!•. 
Frequent  measurements  were  made  with  the  current  meter  at  the 
bridge  to  determine  the  discharge  of  the  river  at  that  [wint  for  ditfer- 
ent  gauge  heights.  This  point  was  .selected  for  its  convenience  botli 
for  keeping  ti  record  and  for  determining  the  quantities  availal)le  for 
the  holders  of  later  priorities. 
aofjlW— No.  l.'SH— 05 19 
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A  simiiiiiirv  of  ivsiilt'^  of  olwervtition  from  Ajiril  s  to  June  I'.t  arc 
j^iveu  in  the  following  tublo: 

Discharge  of  Raft  Rirrr  iit  Lttiigforil  hridije. 


DbU-. 

Avvnge 

daily  dls- 

fhurge. 

HlKhest 
illw-'biirge 
in  month. 

Lowejtt  diK- 

charge  In 

month. 

Total  for 
month. 

April 

Cubiejal 
per  Kiimd. 

W.6 
»72.8 

Cubic/ret 

tier  4eeimd. 

11X5 

U2 

112.5 

CabiefiH 
per  teeonil. 

as 

72 

as 

Arre-lrtl. 
3, -Wis 

Mav 

e,(»:t.2 

June 

2,7».3 

«23  day*. 


6]9dayx. 


The  amount  of  water  necasxaiy  to  till  all  decrees  below  the  Langford 
bridge  is  5!*. "22  cubic  feet  per  seeoiid,  or  2,!Mil  iuclie.s.  The  number  of 
acre.s  neUially  irrigiited  lielow  tlii.s  point  i.s  'i,lH(>.  Keferenee  to  the 
table  will  .show  the  average  daily,  discharge  for  April,  May,  and  June 
to  have  been  in  excess  of  tli<' uinoimt  iieccs.sary  tt^lill  the  «lecree.>i  below 
the  liridge.  Hut  the  water  sujijily  in  Haft  Kiver  during  the  irrigation 
.season  of  1904  was  considered  by  the  irrigators  much  in  exces-s  of  the 
average. 

On  .May  1  a  gauge  rod  was  set  in  Ahno  Creek  near  the  footbridge 
op|X)site  Mr.  G.  W.  Clark's  hou.se.  This  point  wa.s  tielow  all  diversions 
from  Almo  C'reek  and  half  a  mile  above  the  juiiction  of  .\linf>  Creek 
and  i{aft  River.  Mrs.  Clark  very  kindly  kept  a  di.ily  record  of  gauge 
heights  from  May  1  to  June  25.  However,  owing  to  the  fact  that  at 
high  water  Almo  Creek  overflows  its  banks  above  Mr.  Clurk'.s  lious*' 
and  floods  his  fields,  making  temporary  channels  through  them,  the 
gauge  heights  above  2.4  feet  are  not  to  lie  depended  upon.  Having 
made  due  allowance  for  this  condition  in  calctilatiug  the  discharge  for 
ditlcreul  gauge  heights,  the  f()llowing  table  icpreseiits  very  clo.sely  the 
iiow  of  Almo  Creek  at  thi.'i  point  for  the  months  of  May  and  June: 

Ditcharge  of  Almo  Creek  below  all  diterniom. 


« 19  d«y». 


Raft  Kiver  above  its  junction  with  Almo  Creek  was  measured  three 
times  during  the  season.  On  April  t*  it  was  discharging  34  cubic  feet 
per  second:  on  May  31,  47  cubic  feet  j)er  second;  and  on  June  8,  32 
cubic  feet  per  second.  Hy  .hily  16  no  water  was  tlowing  across  the 
State  line  from  Ctab  into  Idaho.     The  flow  from  Keed  Springs,  which 
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couK'.s  intu  Ittifl  HivtT  fnnii  (hf  wist  betwooti  tbc  Statv  line  ami  Altno 
Crook,  was  the  main  siipjily  of  Haft  Hivcr  uftcr  the  iniddlo  of  Jime. 

Oil  Miiy  13  11  ^'inifft'  nxi  was  sot  in  Aliiio  Civekalxivo  all  llivol•^iious, 
and  artangeinciits  wore  marlo  witli  Mr.  W.  K.  .loluistoii.  ii  |jc>s.sesi«or 
of  uno  of  fho  oldest  rijjiit.s  on  the  rreok,  to  read  tlic  ;,'ini{.{e  rod  daily. 
Mr.  Joliii.ston  ri'u<l  tlto  rod  daily  for  about  one  week,  wlieii  tbo  Almn 
WakT  Company  (trderod  him  to  stop  koopiiifj  records. 

The  objoet  of  koepintf  a  daily  reoord  al>ovo  nil  diversions  on  .\hno 
Crook  and  below  all  divoi'sions  was  to  deU-rniino  the  amtnmt  of  roliirn 
soopaire  from  the  irnjjatotl  tiolds  to  the  orook.  and  the  information 
niiifht  have  been  of  j^rent  value  to  the  people  of  Alnio.  The  measuro- 
niont.s  made  below  the  diversi<)ns  showed  that  not  less  tlian  .'-So  eubii- 
feot  per  seeond,  enoujjh  to  satisfy  uU  their  decrees,  was  passing  down 
rivei'  up  to  .Fune  15.  If  inoasnreinouts  throughout  the  season  of  the 
supply  atiove  all  divorsitms  had  been  made  it  would  ha\o  helped  to 
dotermino  in  a  more  satisfactttry  way  the  effect  of  irrifjution  along 
Almo  Creek  on  the  supply  lower  down. 


I 
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SEEPAGE. 


The  following  table  shows  the  gains  and  losses  from  seepage  ami 
evaporation  in  25i   miles  of  Haft   Hiver,  from  the  mouth  of  Heed 

Springs  to   the   lieud  of  the  Piereo-Keogh  west  difoh,  indioatod  bv 
mcasurouieuts  made  August  7  to  tl: 

!<<ep<tge  metmirannttt  on  So/I  Rirer. 


D«U<. 

No. 

AUKllst  7.. 

I 

i 

Ilo 

Aiieiiift  8. . 

n<i 

Auruxy.. 

8 

IXi 

« 

SUitlnn. 


Mnijth  of  Reort  ^priiigii 

Font  nearwunty  brldf^e 

i  intlf  iH'Inw  (lid  Tom  Uwrin  ranch  lioiue. 

100  yunl*  below  Murray  bridge 

The  Niirmws 

(iUx'kndoi'nrral.Biill  mnch 

IjinK(urtl  bridge 

KIrIi  bridKi- 

At  head  ot  Pienv  A  Kcogh  ditch 


ttUa. 


S 
s 

9 
IS 
17 
20 
23 


Cubitfert 
ptr  Hrmnd. 
2.16 
£00 
2.74 
1.6! 
7.«i 
(.74 
&.« 
8.38 
X4& 


Um(-) 

nrKttinl-f) 

per  mile. 

Culiic/eel 
prr  nerttofl. 


I 


-0.06 
+  .2B 

-  .07 
«-1.24 

-  .18 

-  .88 

-  .74 

-  .87 


In  the  tirst  1"  miles  the  flow  remained  about  the  same.  At  the 
Narrows  the  amount  of  water  in  the  river  was  found  to  bo  ahuost 
three  times  that  at  the  station  4  miles  above.  At  this  point  two  lava 
hills  on  oppo.sito  sides  of  tlio  rivor  approach  to  w  ithin  oue-i(iiartor  of 
a  mile  of  each  other.  Although  not  apparent  as  an  outt'rop,  a  ledge  of 
rock  beneath  the  surface  of  the  hid  of  the  river  probably  extends 
aoros-s  it  and  forces  all  the  water  to  the  surface.  Some  farmers  on 
the  river  contend  that  springs  rising  in  the  bed  of  the  river  at  tiiis 
point  cause  the  increase  in  flow.  If  there  are  springs  they  are  not 
perceptible. 
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111  the  li  iJiilos  Ih'Iciw  the  is'arrow.s  thr  river  loses  only  l.V^  ftiltie 
feet  per  second,  hut  l>etween  stations  7  and  S  it  loses  2.23  fiibie  feet 
per  seeond,  and  in  tfic  next  '_'i  miles  loses  0.!(3  fuiiic  font  pe)'  seennd. 
There  were  no  dit<'hos  diverting  water  from  the  i-iver  diiiinir  these 
uieasnrenients  and  the  sky  was  dear.  The  teniperatiiri'  iluring  the 
three  days  ranged  between  T'l  nrid  80'  F.  during  the  liutte>t  j)!irl  of 
the  day. 

Seepage  tneasiin'rneiits  wi'It  n)u<h'  nNo  on  the  I'ierce-Keogli  west 
ditch  on  rluly  20.  '['hi.s  ditrh  i:^  4A  niih>s  long  and  was  chosen  as  typ- 
ical of  the  ditehes  on  Haft  Kiver,  none  of  which  is  in  good  condition. 
For  twenty-four  hours  In-fore  mwisurenients  witli  n  enrrent  meter 
were  eonnnenced  the  di>eliarg»'  ineasuretl  at  the  head  of  the  ditch  over 
u  fi-foot  weir  was  -i.S.i  cubic  feet  per  .-second.  This  was  liie  discharge 
over  the  weir  at  the  time  gaugings  were  made.  The  Hi"st  gauging 
was  made  1  mile  below  the  weir  and  the  tlischargc  at  this  ]M)irit  was 
found  to  be  4.T*i  culiic  feet  i)er  se<'ond.  The  first  mile  of  ditch  v\  a-<  in 
foul  condition,  in  some  places  deeply  scoured,  in  others  the  How  of 
water  was  retarded  by  gi'owing  willows  or  great  clots  of  earth  whicli 
had  fallen  from  the  banks.  Two  miles  l)ek)W  the  weir  the  discharge 
amonuted  to  4.10  cubic  feet  jier  second.  The  bed  of  the  section  al>t>ve 
tlii.-.  point  consists  of  very  sandy  soil.  Three  miles  below  the  weir  the 
discharge  was  3.(^6  cubic  feet  per  second.  The  section  )ibove  this 
point  was  bordered  by  meadow  land  on  both  sides  of  the  ditch,  the  bot- 
tom of  which  was  lined  with  a  very  soft,  tine  mud,  averaging  n.l-i  uf  a 
foot  in  depth.  The  last  measurement  was  made  4  miles  below  tlie 
weir,  the  discliarge  amounting  to  3.o:i  cubic  feet  per  sccoml.  The  Inst 
section  of  <litch  has  an  uneven  grade.  In  some  [Vhices  it  is  scoured  to 
gravel  ami  in  others  the  grade  is  so  slight  that  sedinu-nt  has  collected 
in  long  stretches  on  the  bottom  of  the  ditch.  Disregarding  the  meas- 
urement at  the  weir  the  totul  loss  in  3  miles  of  ditch  was  1.l'4  cubic 
feet  per  second.  The  greatest  loss  occurred  in  the  second  mile  of 
ditch,  which  is  built  through  veiy  sandy  soil.  The  next  section,  which 
was  lined  with  fine  mml.  gave  compai'atively  no  loss.  Considering 
the  poor  condition  of  the  ditch,  the  loss  of  1.24  cubic  feet  per  second 
did  not  seem  surprising. 

DUTY  OF  WATER. 

Forage  cropf,  such. as  wild  or  native  hay  and  alfalfa,  are  th(>  piin- 
ci[iiil  crops  iri'igi«ted  from  Raft  Hivi-r  and  Almo  ('reek.  Some  grain 
is  grown,  but  only  in  small  patches  of  from  1  to  '_'.")  acres.  In  Almo  a 
little  fruit  and  some  giirdeti  truck  are  raised.  The  study  of  the- duty 
of  water  from  .Mnio  t'reek  was  altogether  prohil>ited  l>y  the  attitude 
of  the  irrigators.  Upon  ilaft  River  two  farms  were  ciiosen  where 
accurate  records  could  be  kept  of  the  amount  of  water  asod  in  the 
irrigation  of  two  tract**  of  alfalfa.     Oni'  tract  comprises  31, S2  acres 
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iH'lonj^iiiUf  to  Mr.  Laiij.'f('i'<t.  ittiil  the  otlicr  :-(!•. :^.5  lu-iv.s,  owned  liv 
Ml.  J.  M.  PiL"iri>. 

Mr-.  Lanji-ftMil''.  ill  fill  fu  liclil  IkkI  received  no  wator  during  the  irri- 
jfiitiuti  sciisun,  whicli  lusts  hum  Aiiiil  1  t()  OftoKi-v  1,  for  two  yotir.s 
provioiis  to  th»' snisoit  of  l!tii4.  His  crop  was  a  ftiilinv  ImjIIi  yeiirs, 
liiit  most  of  tbe  pliuits  lived,  owinjj-  nodoiiUt  to  the  siipi>lyof  moisture 
stori'd  ill  tlic  >.T<iiirid  Ity  the  overflow  of  the  river  in  th<'  early  sj.ring, 
duriiijj;  wiiieh  an  iKijiieent  lield  was  Hooded.  The  iilfulfii  j)laiits  wi-rc? 
scattered  over  thisi  field  in  hunches  2  or  3  feet  apiirt.  These  l)unchea 
were  uiuisMidly  lar^.'-e  an<l  the  stalks  rutlier  eoai'se. 

A  j,'!iuge  rod  wa.s  set  in  the  diteh  snpplyin;L,'  this  fiidd,  and  nieasure- 
iiient.s  made  of  the  dischartfc  at  the  upper  edge  of  the  held.  Mr.  Lang- 
ford  kept  a  record  of  tlie  gau>,'-e  lieitrhts,  reading  thi'  gunge  niondng 
and  evening  while  water  was  heiiig  applied.  'I'he  Ht'sI  irrigation  the 
tract  received  in  the  .sea«oii  of  IH114  was  on  May  2!t  and  30,  when  an 
avenige  of  3. Id  cubic  feet  per  set'ond  was  applied.  On  ,luni' .")  the 
next  irrigation  was  hegiin,  ami  it  lasted  for  eight  day>  in  succession, 
till'  flow  averaging  •2.'.>H  cubic  feet  per  second.  In  all,  .")!•. 71  acre-feet 
was  applied  to  this  tract  of  31.S'2  ai'res,  which  is  the  e([nivalent  of  a 
deptli  of  1..SS  feet  over  the  irrigated  area.  Several  sltaip  showei-s  of 
short  duration  fell  over  thi«  field  during  July,  and  on  Jidy  5  a  heavy 
niin  storm,  anionnting  to  1}  inches  in  tetv  hours,  proved  of  additional 
lieuelit  lo  tlie  alfalfa. 

Tlie  first  crop  from  this  field  yielded  80.8  tons  and  the  second  crop 
2.">.3  tons,  the  tt)tal  of  Klfi.  1  tons  giving  lui  average  of  3.33  tons  per 
acre  for  the  entire  tract.  The  tiel<i  is  a  rathcT-  uneven,  rolling  piece 
of  ground,  lint  special  caro  was  ttiken  to  leatl  the  water  to  all  parts  of 
the  tract  i>y  a  snfiii-ient  number  of  latends  or  field  furrows.  The  soil 
in  this  tract  consists  of  a  ver-y  fine  vidcanic  loam  of  great  richness. 
Con.-iidering  how  compamtively  tiiin  thisi  stand  of  alfalfa  was,  the  yield 
proved  to  he  large. 

Mr.  Pierce's  alfalfa  field,  containing  311.25  acres,  is  a  very  level  tnict 
of  an  irregular  shape.  The  main  supply  ditch  which  runs  north 
divides  at  the  upper  extremity  of  the  field  inttt  two  streams,  one  skirt- 
ing the  western  hrtrdcr  and  the  other  the  eastern  bonier  of  the  lii-ld. 
The.se  two  ditches  have  beet)  run  on  commanding  ridges  and  water  the 
tract  lying  between  them  fr<im  both  directions.  Mr.  Pierce  has  hiitl 
out  an  excellent  systciu/)f  latci'uls  in  tiiis  tract,  and  conseijuently  the 
entire  area  i.s  very  easily  watered.  A  gauge  rod  was  placed  in  the 
supply  dit<-h  aliove  the  point  where  it  di\  ides  iido  two  streams,  imd 
Mr,  .Je.sse  Pierce  k<'pt  a  record  of  the  gauge  heights  at  all  limes  this 
tract  was  irrigated.  MeasuremcTits  were  made  at  the  gauge  rod  to 
determine  the  discharge  at  that  point  for  different  gauge  heights. 
Irrigation  of  tliis  tnict  was  commenced  .Inne  !S  and  contimu'd  every 
day  until  June  3(>.     The  amount  of  water  applied  varied  from  4.8 
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ciibir  foot  ppr  second  to  1  <'uliif  foot  per  swond,  tin-  avt'ni;j't'  fur  tlif> 
twcnty-tlireo  diivfs  being  12. .j7  cubic  foet  per  second.  'Hie  total  aiimunt 
applied  diirinff  tliiw  period  wa.s  117  acre-feet.  The  next  irrijriition 
ocenrred  .Inly  7  and  S.  an<l  uveraj^ed  ?>.^t  cubic  feel  for  forty-eiyht 
Lours,  tfiving  a  lotJit  of  [H.M  iicrc-feet.  I'be  third  and  last  irri^f'.ition 
occurred  from  July  10  to  'J'2.  inclusive.  The  avenige  amount  applied 
d;iily  durint:  these  seven  days  was  8.7li  cubic  feet  pel'  second.  Tlic 
toliil  luiiount  was  h'2.\l  acre-foet.  The  tot^d  amount  applied  to  this 
tract  durinf^  the  thirty-two  days  water  wii.s  ruiitdng  was  l.Sii.Wt)  acre- 
feet,  an  MVeraiiO  of  4.<)(>  ucri'-fiM^t  |M'r  aere. 

The  idfalfu  in  this  liold  was  tliiee  years  old  and  uf  excellent  quality. 
The  tirst  crop  was  cut  when  in  three-quarters  blossom  and  yieldeil  im 
tons,  the  second  crop  yielded  7(5  tons,  the  total  <j:ivin«r  an  aveni«re  of 
4.51)  tons  to  the  aere.  It  will  be  ob.servcd  that  this  is  close  to  beiiifj  1 
acre-foot  per  ton  per  acre. 

A  couqiarison  of  the  amount  of  water  applied  to  crops  upon  Mr. 
Lantrford's  and  .\lr,  Pierce's  tields  is  of  interest.  Mr.  Luui^ford  oyiild 
not  have  used  any  more  water  on  this  particular  tract  of  alfalfa  if  he 
had  wanted  to.  It  was  not  to  be  had.  He  wasoldiircd  to  be  satislied 
with  one  irritriition.  On  the  other  liaml  .Mr.  Pierce  jtosscssed  an  earliei' 
water  viir\\t  and  he  used  as  much  water  as  he  deemed  his  crops  needed. 
Both  fields  were  supplied  with  a  sullirient  nundier  of  laterals  to  serve 
the  crops  to  ad\antuf^e,  but  the  Lanjfford  tield  was  harder  to  irrigate 
than  the  Pierce  tield  cm  account  of  its  contour,  wdiicli  has  a  very  even, 
smooth  sui-face.  and  so  received  a  more  uniform  supply  df  water  over 
its  entire  area.  The  surface  soil  of  the  Langford  field  is  deeper  and 
more  retentive  of  moisture  than  (hat  upon  the  Pierce  Held,  which  has 
also  a  very  open  subsoil.  This  iti  part  accounts  fur  the  hijfher  duty 
of  water  obtained  by  Mr.  Lani^ford. 

It  must  be  stjited  that  Mr.  Lantrford's  success  with  this  alfalfa  tield 
is  very  exeeptionid  for  Kaft  Uiver.  The  av<'niire  duty  of  water  is 
low,  takirrif  Kaft  River  as  a  whole,  t'alculatinir  the  amount  of  water 
passinjj  the  Lanj;;ford  bridi^e  from  April  8  to  June  19,  inclusive,  and 
addinjj  to  it  the  various  amounts  used  by  the  fanners  below  that  point 
biitwecn  June  lit  and  Aujjust  1,  as  jjiven  by  the  water  master's  report, 
the  total  for  the  season  amounts  to  13,18.5  acre-feet.  This  amount  was 
a|>plieri{o  the  eidtivated  area  comprisi'il  in  the  Huri'ows.  Oteson.  Keojrh, 
and  Pierce  ranches,  vvhiidi  is  estimated  at  L',ti>ti  acres.  This  would 
give  a  iluty  of  water  of  (J  acre-feet  to  the  acre,  or  >hiring  the  sea.sou 
the  entire  ai'ca  received  enriue;h  water  to  cover  it  tl  feet  deep.  Aside 
from  this  imist  bc>  taken  into  aci'ount  the  fact  that  during  February, 
Kaft  Kiver  overflowed  its  banks  and  submerged  large  areas  of  culti- 
vated land,  espe<'ially  on  the  Keogli  ratieh.  which  helped  wonderfully 
to  raise  the  ground-water  level  luider  the  whole  ranch. 


I 
I 


i. 


IKRIilATIllN    IN    KAKT    RIVKR    WATKK    OrSTRICT,    IDAnO. 


295 


» 


Tin'  .sliuwitii^  Mr.  I'ioci'  makes  is  al.-so  imicli  itlxivf  tiic  tufruge. 
Prcibiiijiv  till  iiiiiti  otr  Itiifl  KiviT  givos  so  iinicli  liim-  und  iiili-llij^eiit 
uUi-ntkiti  lo  thf  irritfution  of  his  crops  as  Mr.  Picrw.  Other  irriifii- 
tor>  on  till'  riviT  cauid  iiuitiUe  liitii  to  itdvnntajff  in  Mip])lyiiii,'  Uicir 
li('l(i.-i  witii  a  s^ullifit^tit  imnilifr  of  Intends  to  siipplv  water  willi  the 
j^reatcst  economy  to  every  part  of  the.  irri<,'sited  aruii.  A  g^reat  fault 
\\ith  tiio.st  irrit,'iitor>  im  (lie  river  is  their  lendeney  to  make  tiie  water  do 
all  the  work,  liisteail  of  takiiijr  time  and  troulile  to  |)low  a  suliicieiit 
luuidjor  of  hiteruU  for  an  etiicient  service  of  the  lield  they  iitteni])t  to 
foice  the  water  over  too  jrreat  distaiiees,  oft*'ii  overirriiratitij^  the 
npiK-r  portion;(of  a  lield  and  not  siippiyiug  enoufrli  water  to  the  lower 
ends. 


INTERSTATE  QUESTIONS. 


Raft  River  is  an  interatat*  .stream.  The  North  P'ork,  or  Junctiou 
C'roek.  rises  in  ]<laho  and  tlow>  into  I'tali.  'I"he  South  Fork,  whieh  is 
the  main  river,  rises  in  Utah,  as  do  the  trihutaries,  (ieorge.  One  Mile', 
Six  Mile,  and  Clear  ereeks.  Before  the  settlements  were  e.stahlished 
.•dori<r  the  trihutaries  of  Haft  Iviver  the  waters  of  these  streams  emptied 
into  Kaft  River  in  Idaho.  Now  they  seldom  do.  The  water  is  <;-en- 
erally  exhaust«l  for  irritfation  before  it  eun  reach  the  main  river 
chiiniiel. 

The  elaim  is  maile  hy  the  water  nsers  on  Raft  River  in  Idalio  that, 
with  hut  few  exceptions,  all  the  farni.><  iu  Utah  alonj;  Raft  River  or  its 
triliularies  were  loeatetl  sulise<|UOnt  to  the  farms  on  Raft  liivei-  in 
Idaiio.  The  eorreclness  of  the^e  claims  will  have  to  lie  determined  in 
the  courts,  us  will  the  rijjhts  to  the  use  of  water  from  Raft  River  und 
its  trihutjiries,  as  hetween  the  irri^fators  in  Utah  and  (hose  in  Idaho. 

Aloii};  the  South  Fork  are  located  four  ranches  comprisin^r  iu  uH 
ahout  G20  acres,  with  jjossihiy  +50  acres  actually  irri(,'ated  with  the 
waters  of  Soutli  Fork.  Three  (Jovernment  sur\cys  lia\e  been  made 
ihroujfh  this  vuHcy,  but  none  has  been  accepted.  Tlie  owners  of  the 
farms  hold  their  land  throuji^h  squatters'  rijrhts.  The  valley  of  the 
Stnth  Fork  where  these  ranches  are  located  is  very  narrow.  Tlie 
fanners  have  taken  up  their  land  in  strips  of  a  ipmrter  of  a  mile  in 
width,  iiu'ludiuj^f  in  pla<'es  both  sides  of  the  creek.  These  Helds  ha\e  a 
])ronounceil  slope  toward  tliecreeU  and  are  hemmed  in  on  eaeli  sidi-  of 
the  stream  by  hi},'h  nie.sji.s  runninj^  parallel  with  it.  Wild  hay,  timothy, 
alfalfa,  and  jTrain  are  the  crops  {jrown  here.  The  oldest  ranch  on  the 
South  Fork  was  settled  in  ISSl,  the  next  in  lSS-2,  and  the  other  two  in 
Issti.  The  feelinjf  of  the  ranch  owners  is  best  expres,sed  by  Mr.  .lolin 
Lind,  one  of  the  four.  He  claims  that  the  water  users  on  South  Fork 
had  never  considered  tlie  subject  of  ]>rior  rights  on  l{aft  River  in  Idaho 
until  two  years  ago,  when  sumuKnis  was  served  upon  him  and  his 
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noijjhliDrs  tiy  tin-  >li<'ril!'  to  (U'fi'iid  llifinsi'lvi's  upiin.-t  a  liiwsuit  iiisti- 
{fatt'd  t>v  llic  Ivo<><,''li  UidtliiTs  over  tlic  rijflit.-*  to  the  list- of  wali-r  from 
Raft  KivtT  and  its  tributaries.  The  suit  is  (<till  {n'udiiijr-  -Mr-  Liiid 
claims  li<"  has  ii.sc<l  the  wiitiT  of  Kjift  Rivi-i-  for  twenty  your.-,  witliniit 
any  protest  from  iis(>r>  with  pritu'  rights  in  Idiilio.  that  t!ie  oppor- 
tunity to  protest  a^inst  his  using  water  has  gone  by,  and  that  hy 
rijrhl  of  constant  use  of  watt-r  f<n-  hiMietirial  purpos«\s  for  twi'uty  years 
he  eiin  not  now  he  deprived  of  the  use  of  tlie  water  nor  suhjecteil  lo 
curtiiiinient  of  its  use  on  account  of  prior  rights  in  Idaho.  Mr.  Lind 
chiiius  witii  otliers  lliat  irrij^ation  of  tlie  narrow  strips  of  sloj^in;,'  liitiil 
iHjrderinj^  the  river  is  a  positive  hiMielit  to  irrij^ators  lieiow.  as  tiie 
vaMey  .serves  as  a  reservoir  liolding-  water  l)ack  until  late  in  thet*ca.son 
when  the  seepiijff  au<,''nieiits  t\n:  llow  of  the  stream  when  most  needeil. 
Mr.  Lind  fiirtlier  states  thitt  the  fjirmers  in  Idaho  do  nol  ajiiireciate 
tfie  real  rea-son  why  of  late  years  water  has  heeoiue  so  sc'arce.  He 
claims  the  water  supply  was  much  i,'reater  some  years  ago,  before 
lurire  hands  of  sheep  were  tlriven  into  tlie  \alley  and  grazeil  upon  the 
surrounding  hills  and  mountains.  Befcne  tlieir  advent  the  vegetation 
on  the  hills  and  thir  miderhrush  on  the  mountains  helil  the  winter j 
snows  nuirh  longer  and  conserved  the  water  supply.  Now  the  hei'hage' 
is  eaten  away  hy  the  sheep,  and  sheep  herders  hn\e  been  responsi- 
ble for  forest  tires,  and  therefore  the  ])hysicat  conditions  ha\e  changed 
and  the  water  pours  ntl  in  great  Hoods  two  months  esirlier  in  the  spring* 
than  formerly.  Mr.  Lind  thinks  such  |>hysicai  conditions  nuist  be 
taUen  strictly  into  account  in  justly  settling  the  present  claims  to  the 
prior  rights  between  water  users  of  Kaft  Ki\ei'  in  L'lidi  and  ld;iho. 

Cieorge  Creek  is  the  first  stream  rising  in  Utah  to  enter  Hut't  Kiver 
in  Idaho.  This  creek  is  bordered  with  farms  from  the  nioiilh  of  the 
canyon  from  which  it  emerges  in  I't^ih  to  the  State  line.  Then;  are  15 
farms,  aggregating  '2,S1U  acres,  receiving  water  from  (leorgo  Creek. 
Probably  half  of  this  area  is  under  cultivation.  Water  rights  in  this 
stream  have  never  been  adjudicatt'd,  although  suit  was  brought  bv 
Mr.  Vost,  the  earliest  settler  on  the  ereek,  against  all  other  junior 
settlers  in  order  to  adjust  his  claim  against  them.  Hi-  claimed  the 
right  to  the  tlow  of  the  entire  creek  at  ail  s<'asons.  The  suit  ri'sulted 
in  Mr.  Yost  getting  a  decree  from  the  district  court  in  Boxelder 
County.  Utah,  giving  him  the  right  to  one-third  of  the  entire  How  of 
George  Creek  during  the  whole  year.  Tlie  rights  to  the  um'  of  anv 
part  of  the  remaining  two-thirds  of  the  stream  were  not  determined. 
The  fourteen  other  appropriators  on  the  creek  umtually  agreed  to 
divide  the  water  among  themselves  by  allotting  a  certain  ruuiiber  <if 
shai-es  to  each  pi'r.son.  The  largest  number  of  shart's  held  bv  one 
person  is  4(»  and  the  smallest  5.  All  the  water  in  the  ereek  is  rotated, 
ilr.  Yo.st  getting  the  use  of  the  entire  creek  fiu'  three  days  out  of 
nine.     The  other   settlers  rotate   the  water   the   remaining  six  days 


IRRIGATION    IN     RAFT    RIVKR     WATKll    DISTltUT.    IPAHi>, 


297 


anuuij;  tlicinst'lves  tiroordiiii;  to  a  lmsi-»  of  slmros  iirraiiijtMi  muoiig 
tlit'tnsclves.  Fiftt'i't)  .■ilmrL's  eqiuil  uiu'-tliird  of  two-iliinU  of  the 
whole  stream  for  thirty-six  hours,  rt'^riirdless  of  the  arnoiiiit  of  water 
in  the  crei'k. 

Tho  (Jeoi'^'c  Creek  farmi-rs  hiive  been  made  a  \niri\  (o  the  r-iiil  the 
Keup:li  Brothel's  hroujflit  afraiii'^t  water  user:*  on  Kuft  River  in  I'lah 
to  <letermiiie  the.  t|ue^tioii  of  prior  rifrhts  on  the  triUidiiries  a.s  well  us 
on  tiie  main  river.  It  was  elainied  in  the  .sjiriiii,'  of  I'.tui  hy  the  farni- 
ers  living  on  Georgn  Creek  that  their  ^^tream  was  no  lonufer  a  tribu- 
tai'v  to  Kaft  River  and  hud  not  I'caelied  the  river  for  seven  or  ci<,'ht 
year.s.  Tlii^  may  possihly  have  been  the  ease  uj)  1<»  the  season  of 
iy04,  althouj.'!!  irrigators  on  Raft  River  in  Idaho  disjjute  tlie  state- 
ment. This  si'ason  tieorjfe  Crei'k  i-miitied  eonsideridde  water  into 
Raft  River  betwi'cn  .June  1  uiid  Jnne  rio.  On  June  li  six  stri'anis 
supplied  from  Georjjc  Creek  diseliaru'ed  into  Raft  River  near  each 
other.  They  were  nil  measured  witli  a  eurreiit  meter  near  liie  points 
where  they  entered  tlie  river,  and  the  totiil  diseharije  was  fouml  to 
amount  to  1(5. -Ki  euhie  feet  per  second,  or  H'2S  inelies.  It  ean  not  be 
denied  tlnit  tlie  rijrhts  tielovv  the  nmuthsof  these  streams  eom in <{■  from 
Jeorgo  Creek  were  greatly  henetited  by  this  supply  at  that  time  of  the 
on. 

Water  from  One  IVlile  and  Six  Mile  creeks  did  not  reaeh  Raft  River 
during  the  sea.soii  of  1904.  These  creeks  are  small,  as  their  names 
imply,  and  supply  water  to  only  six  small  ranches  iKirth-ring  on  the 
Stale  line.  It  is  contended  that  these  two  ereeks  wen'  tributaries  of 
Raft  River  before  water  was  diverted  from  them  for  irrigation,  and 
the  settlers  on  these  creeks  have  been  iueUided  as  defendants  in  the 
suit  of  the  Keogli  Brothers.  Rotation  is  praetieed  by  tln'  users  of 
wat<M-  from  these  ereeks.  No  water  rights  liave  ever  been  adjudicated 
on  either  stream. 

Clear  (.'reek  is  the  l;irgest  of  all  the  tributaries  of  Raft  River  rising 
in  Utah.  It  beatls  in  the  Clear  Creek  Rjinge,  which  is  a  spur  of  I  he 
Raft  River  Mountains.  Its  watei*she<{  lie.s  almost  altogether  on  the 
northern  slope  of  the  mountains.  The  snow  melts  gradually  in  llie 
hills  ami  high  water  in  Clear  Creek  generally  occurs  about  the  middle 
of  ,Tune,  or  one  numlh  later  than  higli  water  in  Almo  Creek.  Clear 
Creek  emerges  fnnu  a  canyon  H  miles  mhuIi  of  the  State  line.  The 
distance  from  the  State  line  to  the  point  where  the  ereek  formerly 
emptied  into  Raft  Rivi^r  in  Idaho  is  approximately  2i)  miles.  Before 
tills  season  only  icmgh  measureuietits  hud  ever  been  made  of  the  dis- 
charge of  tliis  stream.  On  June  t>  it  was  measured  with  a  current 
meter  at  the  mouth  of  the  canyon.  The  discharge  at  this  iwint  was 
ll:i.84  cubic  feet  }>er  second,  or  ;t.()4^  inches.  Two  weeks  latrr  the 
creek  was  flowing  nearly  7,ooo  inches  at  this  point,  Four  fai'ius  bor- 
dering on  Clear  Cre»^k  aggregate  about  :i,t>(JO  acres,  all  lying  in  Idaho. 
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Thf>  Inrijcst  much  lomprisi's  2,<ii)i»  nci'es,  iiljoiit  (UtOof  whirli  lire  under 
i-ultivutii)ii.  Tlji.s  riiiicli  and  aiidthf!'  ciniiprisiiii;  IdM  acres  arc  irrif,'Htpd 
by  ditches  which  licad  in  I  tab.  'I'wo  utiiiT  fariiis.  coiuprising  3^0 
jicros,  diviTt  wsiti'!"  fi'uiii  (Meal- Crui'k  in  idalu).  I5csidfs  these  farms 
tliere  are  tlirec  siniill  farms,  r-oniprisiiii;  aliout  liiti  acres,  iyiiijf  in  Ul-uh 
between  the  State  line  ami  tin'  nmiith  of  Clear  Creek  Canj'on. 

After  lia\  iiiij  cnii.siitcnililc  troiilile  ani(iiii£  tlieniselve.s  relative  to  an 
equitaiil(>  dtvisi(Ki  of  water  from  ( 'Icar  ("reek.  Uie  water  users  in  I'tali 
and  Idaho  tiiaiie  a  written  agi'ceiuent  ainontf  themselves  as  tn  how  the 
water  shonid  he  divided.  This  a<,''reen)eMt  was  taken  in.'o  the  di^ti'ict 
coiTt  <if  lioxelder  Cminty,  I'tah.  before  .Judjre  Mart,  then  jnesidine;, 
and  he  sifjned  the  nnitnal  iiirreenicnt  previously"  made  between  the  dif- 
ferent iipproiiriators  fi'om  Clear  Cri>ek.  No  copy  of  this  ae:rei'Hn'nt 
cindd  lie  procured  hv  the  writer,  although  Mr.  Louis  Sweet/er,  the 
former  inaiuiger  of  the  Sweetzer  Brothers  &  Pierce  nunh,  elaiiin'd  to 
have  a  copy,  wliieli  he  promised  to  lend  lu  him.  The  copy  was.  how- 
ever, mislaid.  Mr.  .1.  M.  I'ii-ree.  a  foi-nier  joint  owner  of  the  nineh, 
is  tin-  authority  for  the  statement  that  Svvcetzer  Brothers  tt  Pierce 
were  enlitle<l,  acenrdinii;-  to  the  a»rreenient,  to  *i(MI  inches  nf  "•  first 
water,"  that  Mr.  Naif  was  entitled  to  ;-!fto  inches  of  "second  water." 
luul  Sweet/cr  Brotliers  i*t  I'ierce  were  entitled  to  Si)(\  inches  more  of 
"third  water."  Mr.  Pierce  cnuld  not  iccail  the  amount  of  any  other 
allotment,  and  as  noin'  of  the  other  water  users  jxissessed  eo[)ies  of  the 
agreenu'nt,  it  is  impo.ssible  to  state  what  anjounts  they  are  entitled  to  or 
the  basis  of  division,  althoujjh  alt  claim  the  rijrht  to  an  incli  to  the 
ai're.  This  ajireemenl  wa>  uiuierstood  to  yovern  otily  those  rijfht.s  to 
diversions  heailing  in  I'tah  whether  irrij,'atinjr  hnid  in  I'tah  or  Idalio. 
It  eonld  nntnp])ly  to  rijrhtsin  ditche-^  headinjr  in  Clear  Creek  in  blaho. 
Before  water  was  diverted  from  it  for  irri<,nition  Clear  Creek  was  an 
important  (rihutary  of  Raft  River.  It  was  claimed  in  19(>4  by  old 
settlers  on  Raft  River  that  Clear  Creek  had  not  reached  Raft  River  for 
11  fjreut  nniny  years.  Some  said  fifteen  years,  others  .seven  or  eieht. 
However.it  is  certain  that  not  enoujrh  water  from  ( 'leai' Creek  has 
reaeheil  Raft  River  in  late  yeai's  to  be  (d'  any  benefit  to  the  users  on  the 
river.  By  the  first  of  dune  this  season  Clear  Creek  had  beirun  to  rise 
nipidly  and  by  dune  6  was  disohar^inf«'a,('(4ii  inches  at  the  lutnith  of  the 
canyon.  .Vll  of  this  water  wa^  diverte<l  for  (he  ramdtes  on  Clear  Creek 
lip  to  June  In.  .\fter  that  date  water  commenced  to  flow  in  Clear 
Creek  channel  below  Frank  Burrows's  rem  h.  the  lowest  on  the  creek, 
and  was  divt.-rted  from  the  chantud  by  an  old  diteh  to  the  old  N.  Bar- 
tholomew ranch,  now  owned  by  Mrs.  Annie  Oleson.  The  ([uaiitity  of 
water  below  all  diversions  on  Clear  Creek  iiur<>ased  durinfjf  tlie  next 
week  to  50(1  inches,  and  what  part  of  this  wa.>  not  used  on  (he  Oleson 
ranch  was  {jfoinif  to  waste  in  the  sae(dn'iish.  I'pon  examiiuition  of 
the  bed  of  the  old  chaimel  ic  was   found  to  be  obstrudetl   by  sliding!;! 
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from  U><  tmiiks  unci  t-bokcd  liy  llu'  tliick  j.'niwtli  of  tn'iisli  nud  wi^eds, 
and  it.  wiis  ajipuri-nt  tliat  if  the  stroatii  wsi.s  tiiriu'ti  rlfiwii  the  old  flian- 
tn'1  tK)  nj)i>r<H-inf)lc  siiiunmt  of  water  would  rpucli  Itiift  Rivm-.  Owing 
to  tlii>s.s  cnnditiims  the  wutcf  niiistcM-  di'tei-iniiu'd  to  turn  tb<^  wator  into 
Haft  Kiver  T  uiiK-s  iilmvf  tin-  mouth  of  its  old  chiinnt'l.  On  June  '22 
the  wat-cr  master  with  the  aid  of  four  luen  daitnued  Clojir  Creek  li 
mik's  idMjve  the  ( )le>im  farm,  anil  turned  it^  waters  into  an  old  disused 
diteli  and  a(Hi  feet  farther  on  emptied  into  the  Kirk  ditch.  From  this 
point  the  water  was  carried  2  miles  in  tlie  Kirk  diieh  to  its  neare.st 
point  to  Riift  River,  just  south  of  the  Kii'k  house,  where  a  diteh  IM) 
feet  lonfi;  was  duj'' and  52.")  inehes  of  Clear  Creek  water  was  enijitied 
into  Raft  River  above  the  farms  of  Keojrh  Brothers  »&  Pierce.  -This 
extni  supjtly  was  of  fjreut  beni'tit  to  tlje  water  users  of  liitSt  Kiver  at 
this  time  of  the  year,  esjx'ciaily  as  Alnio  Creek  was  supplying  hardly 
any  water  to  Raft  Kivei. 

By  many  of  the  farmers  on  Raft  Ri\er  who  have  been  to  Clear  Creek 
durinj;  hit;h  stages  of  water  it  is  contended  that  the  users  oti  Clear 
Creek  turn  what  water  tln-y  ran  not  consume  into  the  sagebrush  to 
prevent  its  reaehini,''  Raft  River.  This  eoatcntion  seemed  to  l)e  borne 
ovd  by  an  examination  of  the  physical  conditions  existiug  along  Clear 
Creek  during  the  season  of  15)04.  There  is  no  doubt  that  water  from 
Clear  Creek  is  wastefully  used  by  the  fanners  along  the  stream,  much 
(«  their  own  damage.  One  ditch,  supplying  the  Sweetzcr  Brothers  t!t 
Pierce  ranch,  with  a  measuring  box  supposed  to  be  set  to  carry  WX) 
inches  of  wafer  was,  by  actual  measurenifut,  on  June  <i,  carrying  1,271 
inches.  On  one  farm  a  4i»-acre  patch  of  alfalfa  was  In-ing  watered  by 
live  streams,  none  flowing  less  than  no  inches,  and  the  alfalfa  was  then 
yellow  from  overirrigation.  In  the  Raft  River  (h-crcc  water  is  awarded 
to  the  a[)propriators  from  "liiift  River  ami  its  trilnitarics."  Although 
the  water  users  on  Clear  Creek  were  not  made  parties  to  the  <lei'iTe  at 
the  time  it  was  rendered,  it  is  contended  by  many  that  the  Raft  River 
water  master  can  exercis**  jurisdiction  over  Clear  Creek  in  Idalio  to 
prevent  the  extravagant  use  of  water  and  stop  its  deliberate  waste. 
Clear  Creek  water  users  contend  that  their  stri>am  is  no  longer  a  trilt- 
ntary  to  Riift  Kiver,  and  the  Rsift  Riv«'r  water  master  has  no  jurisdic- 
tion over  it.  This  is  a  question  which  will  eventually  have  to  be  sctlh  il 
liy  the  courts. 

CONCLUSIONS. 


The  first  need  of  the  Raft  River  water  district  is  the  installation  of 
a  uniform  standard  measuring  device  in  every  canal  or  diteh  diverting 
water  from  A I  mo  Creek  or  Raft  River.  The  Cijxilletti  weir  is  the 
one  recomnuMided. 

To  insure  the  use  of  niuforni  nieasuring  devices,  section  Ml  of  the 
irrigation  law  should  be  amended.     The  obvious  intention  of  the  sec- 
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tion  is  to  f'ii!il)le  tlip  water  coiiiini-ssiancr  to  cnforci^  tin*  law  relative  to 
the  I'tJiisti'iU'tidii  of  head  ijates  and  lueusiiiinij  ileviccs  in  ciiiiiils  and 
ditches,  ()iit  hy  failiiijj  tt>  provide  for  the  ])aynient  within  reasoimi)le 
time  of  the  hills  fnr  tlieir  ednstructiiHi  wIkmi  tiiruiisfh  the  refusal  or 
nejrleet  of  tlie  irrij^utors  the  water  master  has  lieeii  oliliyi-d  to  jilaeo 
them  himself,  it  leaven  the  burden  of  the  expense  upon  the  water 
master  or  water  conunis.sioner.  If  the  water  user  nmst  eventually  pay 
fur  thetu.  why  should  he  not  he  made  to  stand  the  eosts  at  orteej  lie 
could  he  ]^iveu  a  reasonable  iiotilication  of,  say,  fifteen  or  t-.venly  days 
to  |)ut  in  his  head  jratc  or  nu^asurintr  device,  iiud  then  if  he  iiei;leet.s 
or  refuses  to  do  so.  let  the  law  provide  that  he  pay  the  eust  id'  tlie  head 
fjate.or  lueiisuriuff  device  iustidled  hy  the  water  luaster  witlun  ten 
days,  on  pemdty  of  Iwdn^  deprived  of  the  use  of  water  until  the  hill  is 
paid. 

The  iinmedittte  determination  of  the  rij^htsof  the  Aluio  Water  Com- 
pany is  imperative.  HetVu'e  the  law.  e.xeess  waterover  and  above  what 
tiie  owners  (d'  decreed  rij,drts  ean  put  to  a  henetii-ial  use  belongs  in  the 
stream  to  be  used  by  the  next  appropriator  or  for  further  appropria- 
tion. Idaho  is  one  <)f  the  few  arid  States  whieii  ha\e  emlHulied  in  their 
laws  a  provision  for  the  legal  transfer  of  water  rights.  This  is  found 
in  section  li.  House  bill  14(i,  and  reads  as  follows: 

Sec.  11.  That  any  [X'rsuii  uwiiiiif;  any  Iniul  lo  whicii  water  has  been  iiiaik' appur- 
tenant cilfuT  hy  a  •IwToe  uf  th»'  conrt  or  ninier  Ihe  |tri>vi!<io[if<  of  tliis  act  may  volun- 
tarily aliauiion  llu'  ni'e  of  sneli  water  hi  wlioleor  in  jiart  on  tlielainl  w  liichisrei-eivintt 
tlie  lienelit  of  the  t^auie,  ami  transfer  thi'  same  to  otiier  hmd.  Sneh  person  desiring 
to  change  the  jilace  of  use  of  such  water  shall  tirst  niakeai)pli<aition  to  the  State  engi- 
neer, stating  fully  in  such  application  the  n-asons  for  riitikinj;  such  transfer.  Such 
application  shall  descrilK'the  laml  the  u«'  of  the  water  on  which  is  to  be  abandoned, 
and  shall  clescrilie  the  laml  to  ttliich  i(  i.s  ilesirt^l  to  have  such  ri«ht  tnuiaferred,  and 
if  Mich  water  is  tn  hc-i'onduite<l  to  such  land  throuirh  another  caiuil  or  latend  or  from 
a  different  point  of  diverKicju  than  the  <^iiu'  liesi-ribed  in  the  licensk' or  decree  of  the 
court  confirmiiit;  such  riyht,  su<h  facts  shall  lie  fully  set  out  in  such  application,  and, 
if  the  ."^tate  en>;ineer  shall  reijiiirc  it,  a  |>lat  sliiuviiig  (he  location  of  such  land  and 
ditclaa  or  canals  or  [Miints  of  diversion  shall  be  fnrni.'-bed  liy  such  applicant,  and  npon 
receipt  of  such  ajiplication  the  State  engineer  shall  examine  tlie  same  and  shall,  pro- 
viileii  no  one  shall  la-  injured  by  stich  tran.sfer,  issue  to  such  appluant  under  the  seal 
of  his  o(tii«  a  certidcute  iiuthorizin;^  sui'h  transfer,  which  certificate  shall  state  the 
name  of  the  applicant  and  shall  contjiiii  a  copy  of  the  license  or  an  iihstract  of  the 
decree  conhniiiiig  the  rictit  to  the  use  of  water  upon  the  laiiil  from  which  it  isdi»sire<i 
to  transfer  such  right  and  a  <lesiTip1ioii  nf  the  laml  to  which  such  right  is  transferred. 
And  a  fee  of  one  dollar  shall  lie  piiiil  the  .'^tate  engineer  l)y  such  applicant  for  such 
certiticate  of  transfer  issueil  liy  him,  and  such  application  and  ifrlilicate  shall  lie 
recorded  by  such  Slate  engineer  in  a  buok  kept  for  tliat  puqKi.se,  and  a  notice  that 
such  transfer  has  been  authorized  shall  be  sent  by  the  Stjite  engineer  to  the  water 
commissioner  of  the  district  in  which  such  land  is  situated,  and  such  wafer  commis- 
sioner shall  notify  the  water  master  (jf  the  stream  furnishing  water  for  the  irrigation 
of  such  lands  of  the  transfer  of  such  ust*,  and  such  water  master  shiUI  not  thereafter 
divert  onto  the  lands,  thewater  for  which  has  lieen  so  ahandoneil,  any  of  such  water, 
but  shall  divert  such  water  from  such  stream  so  that  it  may  Ije  used  ou  the  lands  to 
which  such  right  ha.i  been  trauoferreii. 
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UiidiT  tlip  rpfjnliitidris  inloptwl  hy  tho  hoiird  of  irrijfiitiim.  an  uppli- 
.caiit  fill'  a  triiiist'tT  of  water  or  point  of  tlivt-rsion  must  prt'soiit  liLs 
pt'titinn  iiiul  utfiilavit  iipnii  ji  form  whicli  will  he  furni.-shfHl  from  the 
State  enjjiiiiM'r's  ullicc,  luive  tlu-  nhiiip  inrlorsod  Uy  two  users  of  wiitcr 
frtim  the  siune  stream  who  are  not  interested  in  his  lands  or  water 
rightii,  and  who  are  not  related  to  him  in  any  way.  and  reported  upon 
hy  the  water  master  of  his  stream.  He  nuist  also,  at  his  own  expense, 
pulilish  a  notice  (a  form  for  whieii  will  he  supplied)  for  thirt\'  ilavs  in 
some  newspaper  puhlished  in  the  county  where  his  point  of  diversion 
is  located,  nami(»ij  a  [ilace  and  dati<  whei'e  oljjections,  if  any  exist, 
may  he  inildiely  presented  aj^^uiiist  the  yrantinjj  of  such  eertiticate  of 
transfer.  Proof  of  pulilieation  of  .such  notice  must  he  presented  by 
the  applicant  to  the  othcer  hefore  whom  the  hearing  is  had.  at  the  time 
and  place  s[M-citied  in  the  notice.  If  no  reasiinahle  ohjectioiis  are 
offered  why  the  certilii-ate  of  tran.sfer  should  not  issue,  and  none  is 
known  to  the  ollicer.  the  water  commissioner,  or  his  authorized  aj^'ont, 
will  certify  his  approval  of  the  application,  whicli  will  then  he  for- 
warded to  the  State  engineer  for  his  action. 

The  provision  in  tlie  reifulation  of  the  State  en<rine<'i''s  office  for  a 
piihlic  hearinj;  uiKm  the  merits  of  the  application  for  the  transfer  of  a 
water  right  gives  all  those  who  nuiy  he  affected  hy  the  transfer  the 
right  to  present  their  side  of  the  case  hefore  linal  action  is  taken  hy 
the  State  engirieei'.  Under  the  provisions  of  this  law  it  is  |UMt)nhle 
that  some  adjustment  of  the  complications  which  have  grown  out  of 
the  selling  and  renting  of  water  hy  the  Ahno  Company  might  he 
effected.  It  is  possihie  that  the  holders  of  decreed  rights  in  Almo 
Creek  l)y  economical  use  of  the  water  decreed  to  them,  even  when  (he 
amount  of  theii'  decreed  rights  is  limited  to  the  legal  allowance  of  an 
inch  to  the  acre,  might  spare  some  small  parts  of  their  derreed  quan- 
tities and  so  save  the  farms  which  have  heen  developed  hy  irrigation 
with  water  hought  or  riMited  fi'om  the  Almo  Company.  After  these 
famis  have  their  rights  estahlished  hy  legal  transfei-s,  then  the  exeel- 
lont  system  of  rotation  in  use  of  all  the  water  diverted  from  Almo 
Creek  can  he  practiced  without  question  as  to  legality  or  objections 
from  water  usei-s  in  the  lower  pai't  of  the  district. 

Since  Itaft  River  in  the  Kaft  Uiver  water  district  derives  its  entire 
stippl}*  from  I'tali  watersheds,  the  <|Uestion  of  the  early  adjudii-ntion 
of  all  water  rights  orr  the  tiihut4iries  of  lijift  Uiver  rising  in  I'tah  and 
the  enforcenu'nt,  if  possihie,  of  the  principle  of  priority  of  right;* 
from  the  source  of  the  streams  in  t'tah  to  the  end  of  the  Raft  River 
district  in  Idaho,  regju'diess  of  tlu'  State  line,  are  of  importance  to 
the  water  users  of  Raft  Rivei-  in  Idaho.  As  conditions  exist  today, 
the  water  user.>  in  Idaho  are  imahle  to  protect  themselves  against  the 
wasteful  use  of  water  in  L"tuh:  lint  a>  soon  as  the  headwaters  of  the 
river  and  its  tributaries  in   ['tali    can  lie    brought   under  the   legal 
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luliuiiiistniliiui  wliifli  tliu  Stiitf  iMi{,niiriT  of  I'ttili  is  esUilili.shiiijf  in 
acTorciiiiu'L'  with  rwenlly  eiiaeted  laws,  iln'  waste  mid  extmvafjance 
which  so  dirt'ctly  affect  tin'  Ithih.,  irri>,'iil()rs  vnw  lie  [itLMoiiteil. 

It  iiiiijht  l>e  said  that  if  tlie  vviitcr  users  un  Haft  IMver  would  take 
some  pains  to  clpiin  out  their  ditches  mid  hiteral.s  mid  keep  them  clean 
from  end  to  end,  the  service  from  the  amount  of  water  let  in  at  their 
head  gates  would  be  much  hiffher.  In  ii  valley  likr'  linft  Kiver,  where 
the  teinpei-ikture  get.s  extreinel}-  hijjh  in  tlie  summer  months,  eviipora- 
tioii  from  water  surfaces  is  hiyh.  ^Vhen  water  in  ditches  is  retarded 
by  a  yrowth  of  weeds  or  by  the  furuiinjf  of  jiools  in  tlie  uneven  seotiou»» 
of  the  dittli,  the  loss  from  evafioration  is  much  greater  than  when  the 
water  is  kept  riinnin>r  at  a  uniform  vidocity  dcjwn  a  uniform  gradi'. 
Ditches  with  a  grade  causing  a  scouring  of  the  liottoni  to  gravel  al.>o 
contribute  to  a  heavy  loss  through  pcrcoliition.  Many  ditches  with 
these  defects  may  be  seen  on  Unit  Ki\er  and  Alnio  Creek.  The  Almo 
canal  has  been  cut  to  a  depth  of  2(>  feet  below  the  surface  of  the 
ground  in  one  place  by  the  action  of  the  water. 

As  land  susceptible  of  irrigjition  becomes  more  scarce,  the  attention 
of  home  seekers  will  be  attracted  to  just  such  valleys  as  Haft  Uiver, 
where  the  aiuouut  of  water  in  the  stream  seems  to  be  overabundant 
compared  with  the  amount  of  land  under  cultivation  along  its  banks. 
Jf  a  system  of  rotation  in  use  of  all  the  water  in  the  river  cimld  l>e 
arranged,  as  has  been  successfully  accomplished  on  many  streams  in 
Itlaho  without  infringing  uiwn  the  rights  of  early  appropriators,  the 
service  of  the  supply  could  be  enoruuju.-ly  increa.sed.  Since  ujKjn 
Raft  River  proper  there  are  only  ten  appropriators.  it  would  seem  a 
simple  matter  for  them  to  arninge  among  thi'Uisehes  an  etjuitable 
system  of  rotation  whereby  an  inestimable  benefit  could  be  derived  by 
all  concerned.  The  hitch  lies  with  the  possessors  of  the  earliest 
rights.  They  can  see  no  benefit  to  themselves  in  the  inauguration  of 
R  system  of  rotation.  As  progress  is  made  toward  u  more  just  and 
systematic  administration  of  Raft  River,  and  when  better  and  more 
scientific  methods  of  irrigation  are  practiced,  and  more  thought  is 
given  to  obtaining  a  highei'  duty  from  the  a\uilab|e  water  supply,  and 
less  attention  is  given  to  instituting  lawsuits  to  protect  water  rights. 
Raft  Hiver  and  Almo  Creek  may  be  made  to  support  between  three 
and  four  thousand  people  instead  of  only  three  or  four  hundred,  as  i.s 
the  case  to-day. 


tr    111       ^ 


I 


I 


I 


IRRIGATION  IWHSTICATIONS  AT  M-AV  \1I:X10)  liXrHRIMBT 
STATION,  MHSILLA  I'ARK,  VMU. 

By  J.  J.  Vek.non. 
Profesior  of  AgricuJture,  Xew  .Viiim  Aiirii-ullnrnl  CoUnje,  uml  Affrieulturint  of  Ihr 

KrinTininil  SlnltDii. 

DUTY  OF  WATER  ON  ALPALFA  IN  NEW  MEXICO. 

Tln'  study  of  the  <kity  of  wiitcr  on  ulfjilfa  n^poitcd  Ihtc  coiisirfeil  of 
expfrinieiit.s  in  a{)|ilyiti|ijdiHciviit  <|iiantiti)>sof  water  to  ditliTiMit  iilut- 
which  recf'ived  the  same  treatment  in  other  respects,  uiul  in  iip])lyin(,' 


(Jroup   /,       I    p/dr  / 


Group  £, 


P/sr£ 


Oroup    /, 


p/arj 


Oroup   £, 


P/^r-t 


Group   I, 


P/ar  S 


Croup  £, 


p/are 


Group  /. 


PMt  r      \ 


Oroup  2;       1     p/sro.    \ 


Kiii.  41— J'l«i..|  liil.l  .\. 

like  total  quantities  of  water  to  different  plats 
but  watering  the  plats  at  diH'crcnt  intcrviils  of 
time,  t^e  object  Ijeinj;  to  determine  the  i|iuiu- 
tities  of  water  which  will  produce  the  largest 
crops,  htkI  whether  a  {^iven  water  supply  will 
do  the  most  j^ood  when  applied  in  fn-ijuent 
lifrht  irrifjiitions  or  in  heavier  less  frctjuent 
iipplicalions. 

Two  fields  that  had  been  in  alfalfa  for  u 
number  of  years  were  selected  for  this  experi- 
ment, two  fields  beinjir  selected  for  the  reason 
that  there  was  no  single  tickl  upon  the  station 
the  experiment.  The  arningenient  of  the  plat.s 
in  figures  41  and  \-l. 


Oroup  4.  fVdf  f6. 


Oroup  J.  Pier  (5. 


Oroup  4.  Plat  14. 


OroupJ.Plar  IJ. 


Group4.  P/am 


Oroup  J,  P/ar/i 


Oroup  4.  P/ar/0. 


Groups,  P/dr  9. 


Fig.  ti,— f'liil  ••(  Ill-Ill  H. 

farm  large  enough  for 
in  both  fields  is  shown 
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SOIL. 

The  soil  of  Imtli  fields  was  loiiiin-  nml  iis  ncurly  uniform  in  rlinracter 
Hs  iiTiy  tiokl  to  Im:*  found  upon  the  station  farm.  The  surfaci.'  of  tlie 
soil  in  both  fields  whs  fairly  oven,  luit  the  f^urfiice  of  tiekl  A  sloped  so 
rajiidiy  tliiit  in  onlur  to  coutrol  ihe  wiitcr  ii  nunilter  of  cross  liordei"s 
were  tlirown  up.  Evini  then  the  water  settled  to  m  jrreater  depth  on 
the  lower  end  of  each  section  than  on  the  upper  end.  The  stand  of 
alfalfa  on  lioth  fields  was  jjcKid.  luit  imi  first  class. 

[  EaiTIPMENT. 

The  equipment  for  pumping  consisted  of  a  2i>-horsepower  side-crank, 

slide-vahe  steam  enijiue  and  u  2U-horse]iovve;'  seniiportalile  stejini 
holier;  one  tl-incii  ceritrifu<,''al  pum|),  wliirli  was  placed  upon  the  sta- 
tion well,  descriheil  in  Bulletin  -ifj  <if  this  station,  and  one  centrifugal 
pump,  whirh  was  placed  upon  the  new  station  well.  The  eiitrine  an<l 
hoiter  meutiuned  a!H>ve  were  nsvA  until  July  t,  when  they  were  replaced 
by  a  modern  30-horsepower  ceiitcr-crank,  slide-valve  steam  engine  and 
a  4<>-horscpower  semi|)ortahle  steam  i)oiler. 

The  ciiuipmeut  for  measurintf  and  controlling  the  water  consisted  of 
a  trapezoidal  (Cipolletti)  weir  and  hook  gauge.  The  weir  was  con- 
structi'd  arcording  (o  plans  given  in  Part  I  of  Bulletin  80,  Office  of 
Experiment  Stiitioiis,  V .  S.  Departmeut  of  Agriculture.  The  last  100 
feet  of  the  ditch  lejiding  to  the  weir  was  made  as  wide  as  the  weir 
itself.  The  fall  helow  the  weir  was  at  all  times  greater  than  the 
•specitied  rciiuirements.  The  water  entering  the  sevenil  plats  was  con- 
trolled by  gates. 

After  making  a  few  runs  it  was  foimd  that  the  c[uantity  of  water 
discharged  over  the  weir  remained  very  constant  when  pumping,  and 
therefore  no  other  device  for  measuring  the  water  wa.s  used  through- 
out the  season.  The  distarice  frotn  thr  piuiip  to  Held  A  was  1,204.5 
feet,  and  to  field  R  itijn.fj  feet,  ^.'o  ullnwiuicc  was  unide  for  loss  by 
8eei>age  and  evaporation  from  the  ditches,  as  it  is  believed  that  a  com- 
paratively small  amount  of  water  was  lost  by  seepage  f<ir  the  reason 
that  the  suil  is  xcry  heavy  and  the  ditihcs  had  been  cemented  well  by 
river  sediment.  This  same  e(|uipment  was  used  in  the  investigations 
into  the  cost  of  pumping  u])on  various  crops  discussed  later. 

LABOR. 

While  all  the  experimental  work  was  in  charge  of  competent  a.s.sist- 
ants.  one  in  the  field  and  one  at  the  pumping  plant.  Mexican  laborei"s 
were  employed  in  applying  the  water  and  in  distributing  it  over  the 
fields. 
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METHODS  OF  rRMGATION. 

The  method  of  irritfution  usi'd  in  this  fxporiiiicnt  vvus  tlint  omn- 
luoiilv  known  a.H  the  elieck  s^'stem.  Ik'iivy  horders  were  tliidwn  up 
iU'ouiul  each  plat,  and  where  nwessiirv,  in  order  to  lictter  rontrol  the 
water,  cross  horders  were  added.  The  water  entered  ench  pint  at  the 
upjjer  end,  .sj>read  out  over  tlie  second  section,  and  so  on  to  the  end  of 
the  phit.  The  distribution  of  the  water  was  left  very  largely  to  the 
jiidynu'iit  of  an  expert  Mexican  irriyrator.  who  was  instnu-ted  to  trjve 
each  section  its  proper  share  of  water.  The  fjrowtii  t>(  the  alfalfa  was 
not  equally  good  upon  all  section.s,  luit  thisditr»'rence  niijrht  have  lieen 
due  to  a  variation  in  the  antount  of  water  applied  or  (o  a  variation  in 
the  rharaeter  of  the  soil  of  the  different  sections  of  each  plat.  Except- 
ing!; the  first  and  lust  crop,  the  alfalfa  was  cut  regularly  every  four 
weeks  just  before  the  irri<ratinns  were  cjiven.  The  last  crop  tjrew  very 
slowly  for  tlie  reason  that  the  nijrhts  were  cool, and  considendily  more 
than  four  weeks  were  therefore  required  to  produce  this  cutting. 

Field  A  was  divided  into  eight  plats,  numbered  from  1  lo  ,s,  and 
the.se  were  thrown  into  two  groups.  I'lats  1,  3,  ;"*,  and  7  formed  one 
group  and  plats  2.  4,  (>,  and  8  formed  the  other  group.  The  ]jlat.s  of 
each  griMip  received  the  same  treattuent  exi^ejit  fin'  irrigation. 

Field  B  was  al>o  divided  into  eight  plats,  numbered  from  i>  to  Iti, 
and  arranged  in  two  groups.  Plats  y,  11, 13,  and  15  formed  one  group 
and  plat-s  10,  I'i,  11.  and  l»i  formed  the  other  group. 

All  of  the  plats  in  tield  A  received  water  cTiough  to  cover  them  to  a 
depth  of  6  inches  during  every  four  weeks,  3  inches  being  applied  to 
plats  1,3,  "i, and  7  every  two  weeks  and  *!  inches  being  ajiplied  to  pints 
2,  4,  t),  and  S  every  four  weeks.  All  of  the  plats  in  lield  H  received 
water  to  a  depth  of  lo  inches  every  four  weeks,  5  inches  being  applied 
to  plats  y,  11,  i:{,  and  15  every  two  weeks  and  10  inches  being  applied 
to  plats  10.  1:2,  14,  and  U!  every  four  weeks. 

The  alfalfa  was  cut  a  sutticient  length  of  time  before  the  irrigations 
for  it  to  cure  and  be  removed  from  the  tield.  Each  plat  was  weighed 
separately.  As  nearly  as  possible  the  hay  on  all  the  plats  was  cured 
to  the  same  degree  of  dryness,  and  every  crop  was  removed  from  the 
field  in  good  eondilion  with  the  exception  of  the  fourth,  which  was 
rained  uixm  after  it  was  cut.  In  otxier  to  irrigate  at  the  proper  time 
tliis  crop  was  hauled  in  while  it  was  still  wet  and  was  thrown  into 
small  windrows  in  the  corral,  where  it  was  allowed  to  renniiii  until 
dry.  It  was  then  gathered  up  and  weighed.  L'n<ler  these  circum- 
stances there  was  an  unavoidable  loss  of  leaves,  which,  however,  was 
probably  abinit  eijnal  oti  all  the  plats. 

The  record  of  each  group  for  the  season  is  given  below; 

(iroup  1  received  sufficient  water  to  cover  it  to  a  depth  of  3  inches 
every  two  weeks.  It  was  irrigated  April  4  and  .April  is,  May  2  and 
.W620— No.  158— 1)5 20 
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May  17,  and  th(>  first  crop  was  cut  Miiy  2'),  fiiviiij^  a  cjrowing  soiison 
of  51  flays,  and  liaviii^  roci'ivvd  12  iiit-lu's  of  water.  The  seeoixl  cnn) 
was  irrigated  May  30  and  Jdiio  IS.  and  was  cut  -Tune  24.  The  grow- 
iiifr  season  for  the  se<'<)nd  rro|i  wns  therefore  30  days,  mid  the  land 
I'eceived  (i  inche>  of  water.  The  tliirfl  er«n>  was  watererl  .luue  27  and 
duly  11.  and  cut  duly  '22,  having  a  growing  .sea-son  of  2H  days,  and 
receivitig  ti  inches  of  water.  Tlie  fourth  crop  was  watered  July  2.5, 
and  Augu.stS,  receixing  ii  total  depth  of  ti  inches,  and  was  cut  -Vugust 
11),  Imving  l)oen  growing  28  days.  The  tifth  crop  wa.s  watered  .Vugust 
22,  Septendier  .'i,  and  Scpteniher  lit,  receivitig  '.>  inches  of  water,  and 
was  cut  Octolier  2n.  after  growing  ()2  days.  Thisgrouji  received  dur- 
ing the  season  of  1H7  tlays  water  to  u  deptli  of  39  inches,  and  yielded 
five  crops,  the  iivernge  total  yield  for  the  group  heing  2..')'.l  tons  jx>r 
acre, 

The  plats  forming  group  2  were  irrigated  every  four  week.s,  and 
received  enough  water  to  cover  theni  to  a  depth  of  (i  inches  at  i-ach 
irrigation  -that  is.  they  received  the  same  dcptii  of  water  as  the  plats  in 
group  1.  hut  received  it  in  less  fre<]uent.  heavier  waterings.  The  tirst 
irrigiUinn  <>i  this  group  was  one  month  later  than  the  iirst  irrigation 
of  group  1,  hccausc  it  was  originally  planni'd  to  irrigate  this  i-rop  with 
river  water.  Kiver  water  was  not  availahle,  and  it  was  later  decide<l 
to  irrigate  the  group  with  well  water,  applying  the  .same  depth  of 
water  as  on  group  1,  hut  ai»plying  it  at  longer  intervals.  The  lir.st 
crop  was  wat<*red  May  2  and  cut  May  25.  giving  a  period  of  growth 
of  23  ilays.  The  seconil  croj)  was  watered  May  30  und  cut  June  24, 
after  a  growing  perienl  of  30  days.  The  third  crop  was  wuteri'il  June. 
27  and  cut  July  22,  having  a  growing  jieriod  of  2.s  days.  The  fourth 
cro])  was  watered  July  25  and  cut  August  lit,  haviug  a  growing  pci'iod 
of  2S  days.  The  fifth  crop  was  wiitered  August  22  and  8e])teml>er  Itt 
and  cut  Octoher  20,  having  a  growing  period  of  02  days.  The  total 
depth  of  water  received  hy  this  group  was  3tJ  inches,  and  the  yield 
was  2.3t>  tons  per  acre,  0.23  ton  ])er  acre  le.ss  than  the  yield  of  group  1, 
which  received  ahout  the  sauie  depth  of  water,  hut  received  more  fre- 
(pient  waterings.  A  part  of  this  difference  is  due  to  the  late  watering 
i>f  group  2,  the  first  crt)p  on  group  1  f)eing  much  heavier  than  that  on 
group  2, 

(iroiips  3  and  4  received  the  same  depth  of  water,  except  for  the 
tirst  crop,  group  3  receiving  5  inches  every  two  weeks,  and  group  4 
receiving  lo  inches  every  four  weeks.  Group  3  wa.s  watered  April  4, 
April  Is,  Miiy  2.  and  May  17  for  the  tirst  crop,  receiving  at  each  irri- 
gation water  enough  to  cover  it  to  a  ileptli  of  ,*)  inciies.  The  first  crop 
was  cut  May  25,  after  a  growing  period  of  51  days.  The  second  crop 
was  watere<l  May  3i)  and  June  13  and  was  cut  June  24.  having  i«  grow- 
ing period  nf  30  days.  Tiie  third  crop  was  watered  June  27  and  .July 
11   aiul  was  cut  .Inly  22,  having  a  growing  jieriod  of  2fS  days.     The 
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oiirtM  rinp  was  nsittTi'd  .hilv 


(I  A 


lllflist    S,  ill 


id  was  cut  Autrtist 


lit,  Imviiijf  a  ijrowiii},^  perio<l  i>f  l's  days.  Tin-  lil'tii  croi*  was  watcicfl 
Aiiffust  22,  September  5,  iiiid  September  1!»,  mid  was  cut  October  20, 
after  a  {.'rowinir  piM-iod  of  *i'2  days.  The  total  j^rowinj;'  season  was  l!i7 
days,  tlie  total  depth  of  water  received  was  ti'i  iri<'lies,  and  the  averajre 
yield  3.28  tons  per  acre. 

(troiip  4  reeeived  lit  inehes  of  water  every  4  weeks.  It  was  watered 
May  2  for  the  lirst  crop,  luid  was  eut  May  2r»,  after  a  jfrowiiij,^  period 
of  23  days.  The  second  nop  wa.s  watered  May  3U  and  eut  tJuiie  24, 
havinjji;'  a  «;rowin^  periinl  of  3o  diiys.  The  third  crop  wa.s  watered 
.lune  27  and  cut  July  22.  aft)-r  <jrowiii{>'  2S  days.  The  fourth  crop 
was  watered  July  25  and  eut  Au^'ust  lit,  after  a  growinjj  perio<l  of  28 
days.  The  tlffli  croji  was  watered  September  lit.  reeeiviii«r  2o  inches, 
and  was  cut  October  20,  the  tjr<»wiiij^  period  heiny  tW  ilays.  The  total 
jirrowing  periotl  for  the  live  crops  was  171  days,  the  totjil  depth  of 
water  lio  inches,  and  t!ie  «vcra>.'e  yield  .S.17  tons.  This  yield  was  (i.  1 1 
ton  per  acre  less  than  that  of  <jroup  ;-i,  which  received  about  the  suiiie 
depth  of  water  in  more  frequent  wat^'rinifs. 

In  each  liidd  there  is  a  very  slight  advantajjfe  in  yii'hl  in  fa\'or  of  tin* 
(nore  frei|ueMt  wuteriny;s.  As  lietwecii  llie  two  (iehi.s,  the  Hckl  receiv- 
itijj  water  to  a  depth  of  lo  inches  durirrjj  four  weeks  showed  a 
decidedly  larger  yiehi  than  tin-  tichl  reccivinj,'  a  dejidi  of  (>  inches  dur- 
inj^  the  same  time,  th<'  averajje  int-rease  beitifr  n.7.">  (on  per  acre.  The 
tichl  uote.s  show  that  the  field  rec»'ivin}j  only  6  inches  of  water  in  four 
weeks  fref|uently  showed  ihe  nec^l  of  water,  while  the  other  field  di<l 
not  111  any  lime  ajipear  io  be  sutferiiifr  for  water. 

The  following  table  gives  the  details  hh  to  the  area.s  and  yields  of 
the  different  plat;*  by  groups: 

VieUt  of  ulfalj'a  on  erjirrimtnUtl  pUU*. 


Field  A. 

Orollp  1. 

Group  S. 

Flat 

No.  I. 

Flat 
XO.U. 

Plat 
No,  5, 

put 

No.  7. 

Plat 

No,  a. 

Htot 

No.  4. 

Plat 
No.«. 

Plat 
Nu.». 

Areo «crc«.. 

0.1891 

0.2304 

0.2282 

0.2UO 

0.IIW9 

0.2211 

0.2286 

0.24,VI 

Ylflil.  May  26,  flml  cut  ....pounds.. 

Vli-lil.  Jiiiio  21,  Ktfiiixl  I'lit do 

Yield.  Jiilv  ■il,  thlM  lul do 

Vlrltl,  .\iii.  19.  (oiirllicat....du.... 
Yield,  Oct.  20,  lidh  i.ut do.... 

120 
lOS 

120 
l,-* 

27» 

1,VI          IW 
IM          171) 
210         210 
22li          140 

»>tfl           44K 

!t2U 
290 
290 
410 
4(«I 

«0 
9lt 
90 
162 
KIM 

z 

222 
422 

IKl 
202 
2,'* 
3411 
AM 

14» 
180 
ll>2 
240 
4»H 

Total  fur  M.'iuk>ii do. . . . 

7W 

1,124       1,1«2 

1,796 

724 

934 

1,420 

l.l»3 

eoundft  iN?r  acre 

TmiH  iKT  at're 

4,145.95 
2,07 

5,099.81  5, 092.  irj 
i.!A\        2.<lli 
2.U 

7,  XMi.  10 
107 

a,  KI2.  ni 

1.91 

4,ai.:d«,2il..Vi 

2,  111        3.10 
1.M 

4.(124.49 
2.31 

Average  tons  per  acre  lor  group .... 
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Yields  ofal/tilfti  on  trinritntnltil  iilotn — ("onliniii'il. 


^ 

I^tdB. 

(ironpX, 

1 

Qroap4, 

Plat       put 
No. ».    No,  U. 

Plut   1    put       put 
N...  IS.  1  No.  15.   No.  10. 

put 

No.  12. 

PUI 

No,  14. 

I'Ut 
Nil.  16. 

'                  An* ncres. . 

Yield,  Miiy2S.  (Inilonl  ....pound*.. 

Vli'lil.  Juiu- •-•4.  »ef<>ii<l  cut di> 

Yield.  Jul.v  i;.  Ihinl  out do.... 

yield.  Auk.  19,  (nurlh  cut l<i.... 

^_          Yield,  OeU  20,  llUh  cut do.... 

^^B                 TuUl  (or  seiuioii do — 

f                 Pouud"  iwrnerc 

1                 Ton*  Iter  acre ^-. 

1                Avernge  tniiJ  per  Here  for  ifTOUp  — 

0.217O    D.20«7 

0,19(KV 

0.17S0   o.ai»| 

O.WHi 

0.1M5 

0. 1747 

zau       iMi 
SIO        ass 

■J&t           370 
IMS          232 

2U2 
220 
W. 
S20 
UK 

220          20i; 
WW           1»3' 
20K           2<H, 
ATI           308 
202           216 

268 
IfiK 
8UI 
256 
245 

367' 
2:n 
226 
344 
256 

230 
90 
2IM 
130 
197 

1.0112       1,2AS 

1..118; 

I.IM       1.175, 

),22« 

1,424 

1,165 

«,I«1.7.M'.,134.  41)(1,»(I».U« 
2.  U         S.  Uf.;         a.  fh 

,297.  U.'i,»(t9.915,KIH.4U 
4.15         2.70         2.99 

7,32l.!H6,tt'.7  07 
3  f*         S.»4 

8,28 

8.17 

I 


r 


The  table  sliow.s  jjreut  varifttion  in  yields  frmii  tin'  iliircn-iit  jilats 
rcceivinjf  the  •nuw  trciituuMit,  Init  the  iiverai^es  fully  juslify  thf  foii- 
cliision.s  previuu.sly  stiUvd,  that  there  i.s  a  clet-iiiod  iiierca^e  in  yield 
from  the  u.se  of  the  larger  ([uaiitities  of  water  on  Held  B. 

COST  OF  IREIGATINO  ALFALFA  WITH  PUMPED  WATER. 

Tile  orijriiml  plan  iiicliuh'd  nut  only  the  deteriiiiniition  of  the  co.-^t  of 
grovviiiiJ'  iilt'ulfii  tiy  puiiipini;,  Iml  also  ii  i'i)iiipari.-*uti  ui"  the  eo.st  of  pro- 
diR-iiig  alfalfa  hy  means  of  river  water  and  well  water.  Two  fields  of 
ahiiut  cijual  .size  were  .■^elected,  caiitaiiiiii^f  H,4  luid  1114  acres  re.s])ec- 
tively.  Tliey  wit!  \m-  called  liclds  V  timl  1),  Hold  tiel<ls  wi're  to  have 
received  the  same  treatment  tliroujjhoiit.  one  to  In-  irrigated  with  wril 
water  and  the  other  with  river  water.  Lint,  on  aceoniit  of  the  river 
going  diy,  the  tielil  ihiit  was  to  have  received  l!ie  river  water,  after 
remaining  idle  for  upward  of  onenionth,  was  irrigateii  with  well  water 
the  remainder  of  the  season.  The  irrigations  were  given  tohotli  lields 
at  such  times  as  the  crops  seciiieil  to  need  il. 

No  definite  amount  of  water  was  to  he  ajiplied,  bnt  the  tiuaiitity 
a|iplied  was  measured,  and  so  far  as  possible  the  irrigation  of  both 
tields  ri'present<'d  the  I'nimnon  usage  of  iilt'alfa  gn>wers  in  the  valley 
exeept  that  elear  water  was  used.  ,Vn  expert  Mexican  irrigator  was 
placed  in  i-liarge  of  the  ilistrihutioii  of  the  water  and  was  insti-ucted 
to  irrigutc  according  to  the  t'oimiion  practice  in  the  valley.  An  irri- 
gation was  given  immediately  after  each  crop  was  removed  from  the 
li?ld. 

The  soil  of  field  C  was  somewhat  lighter  than  that  of  field  1),  the  soil 
of  field  D  being  a  heavy  day.  Although  the  fields  are  not  strictly  eoiu- 
parablc,  in  order  to  secure  anything  like  accurate  result.s  in  co.st  of 
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^^^^upiilyiiifT  tlip  iiritratioti  wiittM-,  the  co>t  of  luirve.stiiii;,  ami  tbr  cost  of 
storing,  it  was  ni;ce.s*itu'y  to  use  tlie  whole  of  a  ^iveri  aiva  for  tin-  test. 
The  .surface  of  l>oth  fields  wa.s  fairly  even,  liut  both  slope  too  rapidly       ■ 
fi«r  \ho  j)rui)fr  rli.strilmtioti.                                                                                 ■ 
The  e((uipuieiit  used  and  the  labor  employed  in  these  expcriiiu'iits       " 
were  the  .«amc  as  for  the  experiments  previounly  deseriln-'d.     Field  C 
wa.s  l.'^0.."»  fiM't  from  the  pump  and  field  It  7ol  feet.     The  check  83'steui 

^^       of  irrijratioti  was  employed. 

^B           Thealfalfawascutwhenitwa.'<fronioiie-third  tofiill  bloom.      When 

^^        thiirdUirhly  wilted   it  was  raked  into  small  windiows  and  allowed  (o 
tiiii.sh  curing.     On  the  third  or  fourth  day  after  cutting  it  was  bunched, 
hauled  in,  and  stiieked. 

The  followiiif,'  table  show.s  the  dates  on  whieh   the  field.s  were  irri- 
gated, the  depths  of  irrigation,  the  dates  of  cutting,  and  the  yields, 
reduced  to  an  acreage  basis: 

^^M                          Dotal  of  Irrigation,  depth  of  irriifation,  dntr.»  of  r»Uing»,  and  yitldt.                          H 
^H                                                                                       FIELD                                                                                            ■ 

^H                                     Cut. 

Dnhi  uf           iH'pOi  iif 
Irrigatlun.       irrigatiim. 

D.».olcut.       ^^^^} 

Yield  iwr 
sure. 

Jinit 

U>y2S 

rJiineU 

huhet. 

S.SS    June* 

?:S;  ,>"•>•» 

5.K3  '  Augiut  IS 

5-25  loctahcr'JO.... 

36 
33 
65 

nm*. 
0.M 

.51 

.KB 

.w 

.'^CtNIIHl 

Third 

July21 

Fonrtti 

/AoristW 

)Auguit24 

) 

36.42 

148 

2.2B 

FIKLD  D. 

Flrxt 

(April  1 

lApril25 

fMny24 

iJuiii:  9 

/JulySO 

lAUgUKtll 

AOSUMM 

8.81 
3.70 
.V75 

Wao 

■June  29 

49              0.27 
40                .51 

40                •'*           ^ 

66               .H7         1 

Tbird 

4. VI    1 

y^    1a.iku«18 

I^)u  rtli 

%«, 

October  13.... 

Total 

ltT.46 

1«6 

2.61           ^ 

oAltUte  hiul  mitde  aome  growtli  befon-  wiiU-r  wu  applied,  on  k  rmnlt  of  nln  and  of  Irrlfnitlon  tbe 
l>n'vii)iui  year. 

^H           The  following  Uible  shows  the  date,  the  number  of  hours  run,  the 
amount  of  fuel  consumed,  the  cost  of  pumping,  the  cost  of  applying 
the  water,  and  the  total  cost  for  each  irrigation,  for  each  eiit,  and 
for  the  season.     The  cost  of  pumping  includes  coal  at  $5.50  per  ton 
and  the  wages  of  an  engineer  at  2< )  cents  per  hour. 
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Cut. 


Total. 


Cost  ofpuminiig  and  ajipb/mg  vnter. 
FIELD  <•. 


Dati-  of  irrigation. 


Time 
run. 


FU..1      '   ^"»«"f   'anpTvi'nit    ^otal 
'""'•     .pumping.  "PP',y;;«     cost. 


First .Ma>'2?: 

Second , 

Third 

Fourth 


//.  m.     I'ounds. 


rjuneU 8 

\July9-ll '  11 

fJuly21 '  8 

\AugU8tl9 1  9 

Aug11llt24-2n 7 


00 
44 
32 

19 
14 


l,fi09  I 
l,49n  ; 
1,592  1 
1,360 
1,060  I 
1.046 

8,162  I 


$6.22 
5.87 
6.70 
5.41 
4.77 
4.32 


S0.6.H 
.116 
.86 
.65 
.70 


33.35 


4.09  I 


t(;.90 
6.53 
7.56 
6.12 
5.47 
4.(6 

37.44 


FIELD  D. 


First... 
Second. 
Third.. 
Fourth. 


Total. 


April  1-2 

April  25 

•May  24 

June  9 

(July  8-9 

1July20 

jAuKUSt  11-12. 
\  August  18.... 


( 


■| 


40  ' 
23  . 

10  I 
27  I 
24 

41  { 
40  I 
45 


1,907 
941 
1,450  I 
1,205 
1,067 

651  , 
1,218 
478 

8,917 


i;i 


rr.17 

3.67 
5.61  j 
4.61  I 
4.41 
2.72  , 
4.91  I 
•2.0.1  1 

35.14  I 


JO.t;) 

.41  , 

.61 

.48 
..55 
.35 
.60 
.28 


4.02 


»7.90 
4.08 
6.22 
5.09 
4.96 
3.07 
5.51 


39. 16 


The  following  table  shows  the  cost  of  irrigating,  the  cost  of  harvest- 
ing, the  total  cost,  the  cost  per  acre,  the  total  jield,  and  the  yield  per 
acre  for  each  cut  and  for  the  season: 


Cost  of  irrif/ntioii  and  harrfsting  and  yields. 
FIELD  C. 


Cut. 

C(wt  of 
irrigating. 

Cast  of 
harvesting. 

$1.01 

1.48 
1.28 

Total  cost. 

$7.91 

).-..75 

7.  till 
11.61 

Cost  iK'r 
acre. 

$2.32 

4.63 

H.-12 

Total 
yi.ld. 

Potiufh. 
i.  109 
3, 125 

5,  i:il 

S.U81 

Yield  per 
acre. 

First 

Swond 

Third 

1 

J6.90 

U.W 

6,12 

Tout. 
0.35 
.46 

.80 

Fourth.... 

10. 33 

.45 

,S7.  14 

.5.43 

42.  !u 

12.  i;i 

14.019 

2.06 

First  

SiM'ond 

Tliir.l 

Fourth 

Total  for  season 


FIELD  1). 


S11.9S 
11.31 
.s.l« 
7. si 


Si).  87 
1.2"> 
2.03 
l.l^l 


$12.  S9  , 
12.  .jt!  ' 

10.  ot; 

9.41 


$1.12  I 
4.01  I 
3.21 
3.  (12 


1.715 
3.215  ' 
6.022  ' 
5. 424 


■■vj.  \(, 


.79 


44. 9.'i 


11.36 


16,376 


0.27 
.,51 
.9ti 
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(.'out  uj  gntwiug  uJ/alfa  mul  iitluc  of  /irodurt. 


AlfaUn  inxtni-k: 

('< i«i .  if  i rrldiit inn 

I'iKi  iif  lu'iHinK,  mkiDK.  hunching,  and  drawluK. 
Laml  uxn 


Totnl. 


AIlaKu  liiileil,  on  biiiirU  can: 

CiMi  of  lrrlK»llun 

('<»!  I'f  niiiH  liiK.  ralclnf,'.  nnil  bunchlnK- 

Ciwl  III  Imlliii;  nl  tl  |mt  tun 

UHiihnK  N'  ^'Hw 

LnihI  tnx" 


Field  C. 


•87.44 
S.43 
1.84 


Field  P. 


139.  Hi 

5.;ij 

1.70 


ToUil  wwt 

Value  i>(  eroput  ttS  piT  ton I      lfl.S.  37 


44.70 

Irt.OA 

J7.44 
2.06 
7.02 
2.46 

39.111 

I.  as 

8.19 

2.K7 
1  70 

60.  K! 
mi.37 

.W.  Ill) 
l-'J.  d^ 

Total  prtiMt 

Set  (iruHt  per  acre 


Iit.M 


an  Vi 

21.95 


>i  The  land  tax  waa  baaed  on  a  value  of  920  twr  aere  at  a  tiix  rate  of  f2.70  per  9100. 

COST  OF  IRRIGATING    WHEAT  WITH  PUMPED  WATER. 

PLAN. 

TKp  (liita  on  tho  cost  of  piiinpiiii,''  wiUcr  furtbc  puvposf  uf  irrifratiiigf 
whi^iit  were  s<'ciin'<l  in  coniiocttoii  with  i'.»i|ii'riiiii'iit;il  work  in  s<y\\ 
mnisUnc,  wliirh  wu-i  fiirricil  nn  in  foopenitioii  wiHi  tlio  .si>il  |>li\sii'i>t. 


Group  4-. 

Tbi^vp  wPi'P  twpnfy  pints  of  wlipiit  of  iil>out  oiip-toiitli  ncro  piifli.  all 
of  whii'li  wore  irrifT'it'''!  ttlikc  ii|»ti>  lliftiiiipnf  lu'udiiij;  (tig.  43).  They 
wero  irrigated  on  .Iiiiiiiiuy  .'■  (n  produce  geriniiuition,  on  April  19, 
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wlii'iigrunth  ho{,om,  siixl  uii  May  IS,  at  wliicli  tiiiii'  tho  wht'iit  ln'irtin  to 
li(.'H(l.  After  lioiul'mjj  they  wore  divided  into  four  ifniujis,  the  first 
three  contain iu«j  six  plat.s  em-li  iind  the  last  one  eontaininjf  two  plats, 
whieh  were  irriirated  as  fallows:  (irmip  I  was  irrij;;iitc'd  every  week 
after  headiifcj;  jrroup  2,  every  two  weeks;  group  'i.  every  three  weeks, 
and  ^ronp  4,  nut  at  all.  Water  was  applied  to  a  depth  of  (i  inehes  at 
each  irrif^alion  ii|>  to  and  ineliidinjf  the  one  jriven  at  heading,'  time. 
Tliereaft(;r  the  irriiration  was  \ariahle.  as  shown  in  the  (aisles  wliieli 
follow.  It  is  prohalile  that  if  the  land  liad  been  quite  level,  less  water 
would  have  Keen  reipiired  to  pri)perly  irrij^de  each  jilat.  The  con- 
dition of  tile  land  was.  however,  typical  of  the  valley,  lands  seldom  or 
never  heinfj  in  as  irood  condition  for  the  irripation  o(  wheat  as  the\- 
are  for  alfalfa. 

The  soil  was  variuhle,  rantjing  froni  a  rather  heavy,  sandy  loam  on 
■  the  west  side  to  a  heavy  adobe  {clay)  on  the  east.  The  groups  of  plats 
were  seleeted  so  iw  to  eounteniet  this  variability  in  the  soil  conditions, 
as  will  be  seen  by  reference  to  the  diagram.  The  surface  of"  the  laud 
was  rather  uneven.  The  land  was  plowed  to  a  depth  of  about  'y  inche.s 
on  Docemlier  M  and  il,  i'Mi'A,  and  thoroughly  pulvei'ized  and  leveled  by 
inean.>«  of  a  rectangular  fniine  made  of  2  by  IrJ  inch  lundter  seton  edge. 

The  same  equipment  and  lalwr  were  used  as  that  in  the  experiments 
descriljod  in  full  on  page  iiU4. 

On  DecemlxM-  22,  IIKIS,  2  l)ushels  f>f  wheat  were  s«twn  jter  acre.  \.S 
inches  deep.  A  press  drill  was  usfd,  and  the  drills  wore  S  inches  ajwrt. 
The  variety  .sown,  Algerian  White  (station  No.  410),  ha.s  very  large 
kernels,  and  for  this  reason  2  bushels  were  sown  per  acre  instead  of 
1,5,  the  amount  u.sed  with  other  varieties. 

The  cheek  system  of  irrigation  was  used. 

The  wheat  was  cut  on  June  25,  1!»04,  and  was  shocked  and  allowed  to 
dry  for  a  week  or  ten  days,  after  which  it  was  hauled  ta  the  machine 
and  thrashed,  the  crop  from  each  plat  being  kept  sepsirate  and  the 
quantity  of  .sti-aw  and  gniin  from  €>ach  being  recorded.  The  total  time 
the  crop  occupied  the  ground  was  18<i  days -from  December  22.  I!t(i3, 
to  June  25,  iwi — while  it  made  nearly  all  of  its  growth  above  the 
ground  between  April  lit  and  the  time  of  ripening,  or  67  dav'a. 

FIKLB  NOTES. 

April  1.  Good  stand  on  all  plats.  Rabbits  pasturing  on  south  tier 
of  phits. 

May  1.  All  plats  appear  about  alike.  Effects  <t{  pasturing  by  rab- 
bits practically  overcome. 

May  IS.    IJeginning  to  head. 

May  25.   Heads  well  out:  beginning  to  bloom. 

June  1.   beginning  to  till. 

June  8.   Watery  stage;  gmin  nearly  full  size. 


I 


I 
I 


IKRIOATION    AT    NEW    MEXICO    EXPERIMENT    STATION.        313 


.Turn-  15.  Milk  stiige;  grain  full  size. 

JuiiL'  "I'l.  Dough  stage;  gniiii  full  size. 

June  'l"!.  Dougii  .stage;  ripening. 

June  25.  Ripe  onftugli  to  cut. 

RESULTS. 

The  following  tiililc  shows  the  <io|)th  of  wat«M'  iipplied  lieforp  iind' 
!ift<M"  hoiuling  time,  the  total  ipitiiitity  iipplii'd,  tlu'  yield  |>fr  iiiMv  cf 
straw  iitul  gniin,  the  juTr-iiK'lirs  i»f  \v;itrr  i-i'ipiiri'd  to  produce  1 
lius|i(»|  of  gi-uin,  the  nunilicr  of  hours  of  pumping,  the  ijuiiiility  of 
coal  consuuii'd,  the  total  cost  of  piuupitig  ff>r  each  group,  thi'  cost  of 
pumping  pr-r  huishel  of  grain,  and  the  tost  of  pumping  per  in  ic  for 
each  group: 

Cwt  of  pumping  water  for  Oie  irrigation  <(f  wheat  and  ijieldt  of  grain  itnd  tlmva. 


Group  !.<•  (troop  2.  !>  Oronp  3.  o  Onjnp  4.<l 


Doptli  of  wi>U-rn|iplicd  before  headinK inches.. 

Dcptb  <if  WHUr  n|iplie<l  iiftcr  h«sdiiig do 

Totul  depth  (if  unier  applied do.... 

Ylelil  "f  Kinlii  pir  lu'rt' bimbelt. . 

Yit'Iil  ttf  stniw  jHT  iHTi* poundjt.. 

Acre  Iiu'hf!*  of  win  it  per  >)EiHhe]  of  ^raln 

NunilJcrof  hountof  pumpitig 

Fiii'l  coiit.\iniii1 pounds. . 

TMhI  foslof  ptiuipln&r.  piT^rtmiJ 

CVMt  of  pumping,  per  hiinhel  of  ffniln,  Including  fuel  and 

enitlnetr 

Onsi  p<T  HiTf 

Value  of  Krain  per  acre  at  tl.20  per  bushel 


18 

17.  S 

BS.t 

IK 
1.947 

1.90 

le)>  16- 

2,1>6 

19.  U 

.61 
10.61 
21.80 


18 
II. 2 
29.2  I 
16.  A 
1,901 
1.76  1 
11'  61« 
I,7fi« 
17,22  I 

.51 
8.41 
19.92 


6.96 
18.12 


o  Irrigated  once  each  wi'ek  nfler  heading. 
Mrrigated  ever>-  two  werk-s  after  heuilhig. 
(■Irrigated  every  three  week..*  after  heading. 
''Not  irrigated  after  heailing. 


The  tiible  show.s  that  the  largest  yield  was  secured  from  the  group 
receiving  the  grcHtest  depth  of  wnter,  but  the  lar-gest  return  in  pro 
portion  to  tiic  wiitor applied  wa.s  secured  from  group  :^,  which  received 
the  next  to  the  lea.st  depth  of  water.  Comparing  group  1.  which  gave 
tbe  largest  yield  per  acre,  and  group  'i.  which  gave  the  largest  yield 
per  unit  of  cost  of  pumping,  an  increa.sed  exjjense  of  ii*:^.  13  was  otfset 
liy  tin  increased  yield  of  3  bushels  of  grain,  worth  SH.tJn,  a  little  more 
than  enough  to  pay  the  increa.sed  cost. 


n 


COST  OF  lERIOATING  CORN  WITH  PUMPED  WATER. 
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The  data  upon  which  is  based  the  following  discussion  of  the  cost  of 
pumping  wft(-cr  for  the  irrigation  of  corn  were  obtained  in  connection 
with  a  fertilizer  expiM-iment,  which  was  carried  on  in  coopcnition  with 
the  Bureau  of  Chemistry,  of  this  Depurtnient.  The  tield  covered  an 
area  of  aliout  l.-l-:-!  lU'res.  All  the  jjlats  were  irrigated  alike,  and  water 
was  applied  when  the  crop  seemed  to  need  it,  five  irrigations  being 
given  during  the  growing  period  of  the  ci'op.     The  tirst  irrigation 
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was  given  on  May  1'.'.  IWi,  to  pi'odufi'  ttiTtiiiiiaHon;  the  s(M'ond  was 
givtMi  on  Mftv  iS;  the  third  on  Juiif  2'2:  the  fourth  on  July  i:^,  and 
the  Hflh  on  .\ugust  4. 

The  ^soil  wi»s  a  heavy  loam.  The  ^iirfiice  of  the  land  was  even  but 
.sloped  rather  too  rapiiily  to  secure  an  even  distrihutioii  of  water  on 
all  piii't.s  of  the  land.  Several  cross  Imrders  wei'e  tlirown  in,  wliieL 
a-Hslsted  in  preventing  the  water  from  .«*ettling  to  the  lower  ends  of  the 
plntin.  The  land  wu.-i  plowed  on  ilay  \'2  and  13  to  a  depth  of  alKiiit  5 
inches,  and  was  then  di.sked  once  and  harrowed  three  times  with  the 
Aeme  Imrrow.  Lastly,  it  was  smoothed  vith  the  Nmoother  heretofoiv 
descrihed  under  ■■\\'heat." 

The  corn  was  drilled  witli  a  2-hor.se  planter  on  May  IS  to  a  depth  of 
from  2  to  '>.b  inehes.  The  kernels  were  dropjied  liI  inches  apart  in 
the  row  and  the  rows  were  3  feet  s  inches  ajjart. 

The  corn  was  boed  once  Vjetween  June  1  and  June  (5,  and  plowed 
June  30  and  again  July  '2Z.  The  clieek  M'slein  of  irrigation  was 
employed. 

The  corn  was  cut  and  shocked  on  Septemher  IH.  when  it  was  begin- 
ning to  show  signs  of  maturing.  It  reuiaitieil  in  the  Held  until  Novem- 
ber nil,  wlien  il  wa.^  haiiied  in.  woigluHl,  and  iinuiediatidy  shucked,  tin; 
weigtit  of  stover  ami  grain  being  recorded.  The  total  period  of  {ji'owth 
was  I'io  days,  from  May  is  to  September  16.  If  the  corn  had  been 
allowed  to  stand  in  the  held  until  fully  ripe,  the  time  the  crop  occu- 
pied the  land  would  have  been  sonnnvhat  lengthened. 

The  following  tai)lc  sliows  the  number  of  hours  of  pumping,  the 
quantity  and  co.st  of  coal  consumed  for  each  irrigation,  the  cost  of 
engineer,  the  cost  of  applying  the  water,  the  total  cost  of  operating, 
the  cost  per  acre,  and  the  avi-rage  yield  pei*  acre  of  ^stover  and  grain: 

Oust  of  fiiLiiijiinij  uatffj'or  the  irriyation  of  rorn. 


bate  o(  trrfgattoti. 


Depth  ur    TUneoI  i 

irrl^a-       [•iimp- 

llun.         lug. 


Cokl. 


I  Com  of      (Vwt  of 
'     fuel.      cnRlneer. 


CoMt  of 

upplying 

wmcr. 


ToMl 
uosl. 


MHyl» 

.MnjfM 

June  23 

Jnlyia 

Augoat'l... 

.  Toul 


Tneket. 
«.18 
4.90 
4.B3 
I).  06 
U.Sil 


B. 
2 


t37.S 

I        480      ! 

37.'i 


I.l» 
l.OI 


■J6.-ii        1«    20  :     2,4fi0 


«.64 


10. » 
.M 
.60 
.7(1 
..V) 


fn.so 

.21 

.a 
.1» 


a.  26 


1.21 


11. U 


«  E-itUuHlwI  Iniiu  lung  niu«. 

Reduced  to  an  acreage  basis  the  cost  of  pumping  and  applying  water 
was  ;$7.77  pi>r  acre.  The  yirdd  was  'MM  bushels  of  grain  and  6,521 
pounds  of  stover  per  acre.  The  giiiin  brought  00  cents  per  bushel  at 
the  time  of  husking,  making  a  return  of  ?2S,71  per  acre  in  addition 
to  the  value  of  the  stover. 
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COST  OF  IRRIGATING  SWEET  POTATOES  WITH  PUMPED  WATER. 


A  Held  of  1.1  acres  noar  tho  pump  was  sclcctwl  mid  p!ant<'d  tu  sweet 
ptitrttnc's  in  (u-drr  to  dftenninptho  cost  of  puuii)in<r  w!it<'f  ou  this  crop. 
Tilt'  irriy^utiDii  wns  jjivori  tis  the  crop  si'(Miu'<1  t<>  di'mund  it. 

The  soil  was  a  heavy  ilay  and  not  wfll  adapt<»d  to  p^rowing  sweet 
jwtatops.  (>ut  tliis  was  ahoiit  the  only  land  availaUio  for  tlie  work. 
Th»>  land  was  plowed  to  a  depth  <d'  aliont  *>  inches,  thortui^'hly  j)til- 
verized,  and  i mined iat*.'ly  thrown  intoridf^es  ready  for  plantintf.  The 
s'lino  ri|uipment  was  used  and  the  same  htbor  employed  as  lieretofore 
tleserilwtl. 

The  plants  were  set  out  <)n  .June  13,  1904.  The  plants  wore  located 
at  the  water  line  sdiout  halfway  up  the  sides  of  the  ridifcs.  and  the 
roots  were  pushed  into  the  mellow  soil  with  a  wedj^c-shaped  stick. 
An  irrifjation  was  ;fiven  within  two  hours  after  the  plants  wore  set. 

Cultivation  was  f,^iven  hetween  tlie  i-idges  twice  hefore  the  vines 
covered  the  middles,  and  one  haiul-hoeiiij^  was  also  given.  After  the 
vines  had  matted  hetween  the  rows  they  were  lifted  from  tlie  ground 
once  in  order  to  check  their  tendency  to  root  at  the  nodes. 

The  furrow  system  of  irrigation  was  used,  the  water  heing  run 
iH'twcen  the  ridgew  until  the  furrows  were  ahout  half  fall. 

The  potatoes  were  harvested  Noveinher  I  to  N<MeinlM>r  8,  19n4.  In 
harvesting,  the  \ir)eswere  first  reiimved  from  the  surface  of  the  ridge.s 
and  raked  into  the  middles.  A  .small  ])Iow  was  run  along  each  side  of 
the  row  and  then  through  the  middle,  the  potatoes  not  removed  hy  the 
plow  Ix'ing  dugout  with  forks.  The  potatoes  were  placed  in  piles  and 
covered  with  the  vines,  which  were  rennjved  in  the  morning  and 
replaced  at  night.  .Vfter  remaining  in  tlie  held  to  cure  for  two  or 
three  days,  the  crop  was  hauled  in.  weighed,  and  sorted. 

The  followitig  tahle  gives  the  date.s  of  irrigation,  the  depth  of  water 

applied  at  eath  wat4?ring,  the  time  of  pumi>ing,  and  the  ipiantity  of 

fuel  used: 

Cunt  '</  irngiilinij  fHvel  jtolalott  with  pumped  imtfr. 


I 


No.  of 

Imic. 

(Juantltr. 

Ttmeof 
|iiimplnj(. 

Fuel  con 

1 

AertHnthn, 
i.W 
S.S4 

■i.m 
4.ao 

U.  m. 

2  38 

3  17 
1    35 

1    86 

Pound:" 

8ST 

2 
i 
i 

July  23 

AiixunI  .'> 

448 
214 
2110 

Totjil  (4)                                .             

17.  fa 

U    16 

1  Z7y 

a  Fuel  estUiMteil. 


The  total  i>eriod  of  growth  was  134  days,  the  yield  of  unsorted 
potatoes  was  10,100  pounds,  or  !M82  poiimls  per  acre.  The  total  cost 
of  pumping  wits  !?5.35,  or  it>4..S(}  per  acre.  The  svveet  potatoes  .sold  for 
1.75  cents  |x>r  pound,  giving  a  return  of  ♦itJO.Oy  {wr  acre. 
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METEOROLOaiCAL  CONDITIONS. 

Tlio  talvlf  followiiiif  siiows  Itic  menu  l(.'Uii»'ratiirc,  relative  humidity, 
wind  velocity,  mid  precipitatimi  fur  the  j;frci\viii>^  .seiisoii  of  I!IU4.  mid 
eonipiircs  theso  conditions  for  an  average  of  the  years  1898-1903.  tiudn- 
sive,  and  tho  year  llMt4: 

Melroralogiffil  condition*  for  thr.  i/ear  1904. 


Month. 


April 

May 

June 

July 

August 

Septenibvr . 
fK'tiiber 


.Wcniitc  (or  6  yenrx,  t!<9«<-l903,  from  April  to  October, 

liic'lii>iv** 

Avtrasi',  l'.iW.  April  to  OcCober,  influslve 


Menu 

Relative 

Wind  vc- 

tempeiH- 

luunld- 

lo«!lly  per 

RiUiilikU. 

lure. 

ity. 

hour. 

0^. 

Per  cent. 

M1lr». 

Iwlu*. 

57.5 
OHO 

13.  S 
IK.O 

9.9 
9.6 

0.^ 

76. » 

25.1 

B.9 

.70 

7fl.ll 

S2.(l 

9.1 

1,3« 

n.8 

43. » 

7.1 

\.iA 

70.  S 

57.6 

7.0 

4.02 

fiO.'i 

55.7 

6.8 

i.ia 

68.95 

42.8 

7.S7 

S.30 

69.  W 

36. -.2 

S.5 

8.39 

NoTK. — The  •bove  table  wa«  <iiipp11e<l  by  Pm(.  1.  D.  Tlnsley.  stntlnn  mvtwirologliit. 

TEMPERATURE    OF    WELL    WATER. 

There  i.-*  a  more  or  Ics.s  coniinuii  impression  that  the  temperature  of 
the  well  water  in  the  neighlwrhood  of  Tua«;on,  Ariz.,  i^*  so  low  as  to  be 
hiirnifut  to  plaiit.-^.  Hecord.s  of  the  tenipemture  iif  the  water  as  it 
euiue.s  from  the  well  and  after  it  i.s  spread  on  the  tield  were  kept 
throughout  the  seaison  of  190-1,  The  averages  of  these  daily  records 
are  given  in  tlie  following  table: 

AiTra;/e  temperiUure  of  nir  and  wiiler. 


put. 

Air  lit 
ditch. 

W»U!r  al 
dluh. 

Air  In 
Bold. 

Water  In 
held. 

ATem<t» 
rise  In 
water. 

I 

°r 
n 

80.5 

81.7 

81.5 

81.6 

80.3 

82.6 

82 

8S.5 

86.2 

8S.1 

82.4 

82.2 

86.2 

83.1 

82.8 

66.2 
64.5 
65.3 
M.l 
«4.9 
64.3 
«4.7 
66.9 
64.3 
64.6 
64.5 
65.1 
66.1 
64.2 
116.6 
«6.2 

81,3 

80.8 

82 

«.l 

82.1 

90.2 

82.7 

82.7 

85 

86.5 

83.8 

82.9 

82.5 

85.7 

83.5 

82.9 

"F. 
70.8 
68.5 
70.3 
68.4 
68.5 
67.2 
68.1 
68.2 
67.3 
70.6 
68 
70.S 
69 
67.8 
69.8 
69.5 

4.8 

2     .                                

4 

S 

B 

4 ,-... 

J-S 

6 . 

6 

S.* 

7 

14 

g 

>.• 

9 

8 

10 

6.S 

11 

t.8 

lit 

&» 

M 

i.9 

J«. 

8.6 

M 

3.2 

16 

4.3 



3.9 

I 

J 
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As  shown  by  the  table  the  average  rise  in  temperature  between  the 
well  and  the  field  wa.s  H.9-  F.  So  far  no  bannful  effects  have  J)een 
observed  from  the  use  of  this  water.  In  fact  the  temperature  of  this 
well  water  is  higher  than  the  temperature  of  the  river  water  in  man_v 
places. 

The  following  table  compares  the  temperature  of  the  well  water 
used  in  these  experiments  with  that  taken  from  streams  in  the  State  of 
Utah  on  the  same  dates.  This  table  shows  that  the  tomjjerature  of  the 
well  water  in  New  Mexico  is  on  an  average  of  7*^  F.  higher  than  that 
of  the  river  water  of  Utah: 

('oiiijHtntthr  tetnjieraitires  of  irrigation  tmtert. 


Date.  Vtah. 


New 
Mexict). 


June  13  . . 
June  27  . . 
July  11... 
July25... 
AugtutS. 


o  p       1 

°  F. 

1       ■•' 

6».« 

'              OR 

87 

61 

67.5 

M  ' 

63.7 

64 

65.1 

IKRIGATIOX  I.\VHSTI(;ATI()NS  IN  WHSTHRN  THXAS. 

Hy  IIahvky  I'l  i  iiki!Ihiin.  .\,irnl  nml  llrpi-ii. 

INTRODUCTORY. 

The  ftc'couipu:iyiti<j-  clmrls  of  llic  niinful!  iimi  rviqiui-iitioii  in  Texas 
illustniti'  t[uito  well  tli<'  cliiiiiitiv  con'litions  as  affecting  \.\w  jrniwtli  of 
vpcjc'dition  (K«r'*.  44  and  4a).  The  cxlrciiic  wot.  with  i\<  !•  iiiclics  of 
rniiifiill  and  mi  Indies  of  fvajioratinn.  sliuws  ihi-  nt'cd  nf  almust  coii- 
timioas  irrigalioii  for  successful  <Tup  jirodnvtion.  In  Umt  very  dry 
air  it  is  found   in'ccssary  to  jri\<"  a  itoji  of  alfalfa   two  irriy'ations. 


mmk 


Going  eastward  tlje  rainfall  increases  and  the  evaporation  dei'rea.se.s, 
the  rainfall  reaching  50  im-hes  in  the  eastern  part  of  the  State, 
lietweeii  the  two  extremes  a  distance  of  ahout  7.'><)  miles  inti-rvenes. 
In  the  extreme  west  25  to  40  acres  uf  grazing  land  is  rctjidred  to  fur- 
nish a  rather  scant  subsi.><tence  to  one  heef  animal.  No  farming  is 
attejiipted  without  irrigation  until  a  point  aliout  ;J5U  miles  eastward  is 


A 


320 


IRRir.ATION    ANl5   lUUINACJK    INVESTIGATIONS,  KKW. 


reafhod.  and  lliorc  is  no  rciiJJomiMe  iissiirsiiKM'  of  fair  crnps  until  mmrly 
,5(Ht  ini]r>  is  fi'jii'luHl.  fXfi'pt  in  ^uiw  sandy  ](K/:diti«s  (ir  under  '^pcciiil 
local  fondilioiis.  Tliere  liavo  been  sfinic  cnHs  for  irri«»iition  enlri-pri.se 
as  far  as  tliXt  miles  eastvvurd  from  the  extreme  western  part  of  tlie 
State. 

While  the  niinfaj!  i-hart  shows  the  unKninl  of  uiinfall  in  diirerent 
parts  of  tlie  State,  lliero  is  one  important  eondition  it  tioes  not  .show. 
Tliat  is  the  distrilmlion  thron^fh  the  t,riowin<r  season.  Kven  wiMi  a 
rainfall  of  25  to  3o  inches  ^ood  crops  rer|iiirc  that  a  lai-jje  part  of  it 
fall   in  the  irfowinir  season  and  an  esperially  fair  amount  of  it  in  the 


CHART  s/iOkviNO 

£:MPO/?AT/OAf  /N  T£/A5. 


\i)00-9o'peryr   ^^7V'-eo' per 
\90-ao-  .     ..    W^'-so-   . 
^(3o'-!V'  .     . .  I \se/ow  so' 


k 


Fm.  4d.— <.:Uitrt  Kliowiutt  tfVHpornUon  In  Textix. 

warm  montlis.  AVliore  niinfall  is  very  heavy  at  times,  with  lontj 
intervals  hetwcen.  (be  conditions  arc  uiifavorahle.  The  rainfall 
records  given  indicate  a  .shortage  in  west  central  Texa;s  during  the 
months  of  July  and  -Vufrust,  with  (.^(kmI  sn|>])ly  in  May.  June,  and  Sep- 
tember. Henec,  nearly  all  the  irrigation  in  this  portion  of  the  State »» 
iu  -luly  and  August. 

The  following  record  of  rainfall  at  .Vbilene,  Tex.,  furnished  Viy 
(J.  \V.  Ivhh ,  weather  ob.servcr.  will  jjo  interesting.  It  gives  the 
monthly  rainfall  for  a  periml  of  IS  year.s.  It  show.s  a  variation  iu 
airnual  niinfall  from  i:..71  inches)  to  35.30  inches,  with  an  average  of 


24.50 
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24.50  incliL'.s.     This  i.s  fairlj  repref^entativo  of  ii  lartjc  .section  of  wliicli 
it  is  fairl}'  ceutnil.     San  Antonio  unJ  Aniui-illo  hit  not  j^routlv  ditlcreut. 

I  MonMy  and  annual  precipilalion  at  Abilene,  Tfx. 


Yew. 

Jan. 

Feb. 

Mu. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec.. 

An- 
nual. 

1885 

In. 

/M. 

/n. 

In, 

In. 

In. 

In. 

At. 

In. 

Ik. 

2.61 
2.24 
4.77 
2. 00 
1.22 

.97 

.60 
6.03 

.03 
1.17 
4.13 
4.18 
1.32 
Tnice. 
2.90 
4.39 

.61 
2.UU 

.42 

In. 

0.23 

.66 

.87 

4.80 

2.54 

2.10 

.12 

.45 

l.UO 

Trace. 

2.38 
.38 
.01 
.98 

•2.36 
.24 

1.50 

'2.46 
.(15 

In. 
0.98 
Trace. 
1.S8 
3.29 
Tract;. 

.61 
2.60 
2.09 

..52 

.43 
2.66 
•2.48 

.52 
•2.14 
3. -24 

.30 

.an 

.39 
.22 

In. 

UJtlB 

O.Il 

.06 

.76 

174 

.33 

111 

.30 

.SI 

1.24 

1.15 

1.44 

1.28 

.75 

.61 

.92 

.OS 

.09 

1.61 

0.61 
1.21 

2.40 

2.62 

1.81 
.76 

1.04 
.33 
.75 

2.32 
.78 
.02 

1.08 
.01 
..53 

1.44 
.81 

4.07 

.03 
1.16 
1.07 

.14 
1.79 
2.59 

.66 
1.66 

.15 

.14 
4.tl2 
1.41 

.04 
1.54 

.n 

•2.31 

1.67 

2.46 

5.16 

.71 

9.80 

1.95 

1.08 

.28 

1.23 

2.30 

1.11 

.74 

1. 78 

2.96 

5.4S 

.98 

.80 

.49 

0.83 
3.95 
3.63 
■2.93 
2.69 
1.83 
6.12 
.5.78 
6.49 
1.96 
.70 
4.73 
2.60 
4.02 
4.11 
7.17 
6.(18 
1.99 

3.88 
3. 26 
2.79 
6.36 

.65 
2.04 
1.84 

.«() 
3.30 
8.40 
2.17 
3.90 
4.55 
5.45 

.30 

Trace. 

1.00 

3.87 

i.48 
2.71 

.46 
1.80 
2.10 
1.10 
1.41 

.62 

.79 
4.63 
1.68^ 
2.00 
1.46 
1.38 
2.69 

.28 
7.82 
1.29 

208 
1.10 
4.08 

.21 
2.11 
2.03 
3.68 
8.36 
6.79 
1.27 
1.54 
1.87 
1.94 

.10 
2.11 

.81 

.06 
1.67 

4.17 
2.64 

.06 
3.03 
5.19 

.64 
1.86 

2.;io 

..54 
8.95 
4.14 
2.  89 
3.44 

.44 
9.66 
1.81 
3.13 
8.64 

19  14 

^^  iwi 

24  63 

■eS::::::::::: 

30.58 
25  'J& 

^■WD 

'28.  .50 

'     iSi:. .::::.: 

17  57 

18W 

^^ra 

28.48 
16.27 
-24.39 
15.30 
2U.74 
'2.1.30 
22  13 

^^^Bi^£ 

'JS.41 

^K::::::::::: 

32.11 
16.71 
'.!7.0n 

^^^^£«.. 

■26.63 

^^^       ATerage. 

r 

.DM 

1.2S 

1.M 

2.31 

8.76 

2.99 

1.9T 

2.04 

3.26 

2.19 

1.'22 

1.28 

24.60 

£L  PASO. 

Coninicncingr  in  the  western  part  of  the  State,  El  Paso  ban  the  first 
irrijratioti  systfiii.  The  Franklin  ditrh  wius  Imilt  in  ISS!).  It  takes 
water  from  the  Uiu  (ininde  and  covers  ahoiit  4i>,oiM)  acres.  Little 
land  18  irrigated,  the  area  varviiigwitli  the  water  .supply,  whieh  is  usu- 
ally very  .small.  Irritfation  enterprises  farther  up  the  river  in  New 
Me.\i<'o  get  credit  for  takinjr  \n\vi  of  the  supply.  Owinij  to  the  uncer- 
tainty of  the  supply  of  water  in  the  river  in  the  last  few  years  over 
twenty-five  punipiiiij  plants  have  been  installed  to  furnish  water  wlien 
the  river  does  not  give  siitlicient.  Those  i>uiups  arc  of  various  sizes, 
dischartjinjr  150  to  I,:iO0  jralh)ns  per  minute.  The;  water  is  pumped 
from  wells  which  are  ahout  5(J  to  (H)  feet  in  depth.  The  valley  is  under- 
laid with  a  slratum  of  ffnivid  varyintr  in  thickness  up  to  '2;i  feet,  as  far 
a.s  tested,  and  this  f.'iiucl  lied  and  30  to  40  feet  of  tine  .siind  above  it  is 
full  of  water.  The  surface  10  to  15  feet  is  soil  of  a  .sandv  nature.  So 
far  the  supply  of  water  .seems  to  be  ample  for  all  deunmds.  There  is 
some  (jnestion  a-s  to  the  source  of  supply.  When  there  is  water  in  the 
river  tlic  uncle rirronnd  water  ri.se«,  but  the  «[uality  of  the  water  next 
to  the  hills  on  the  Te.vas  side  of  the  river  is  much  better  than  it  is  in 
the  middle  of  the  valley.  indicatin}.f  iin  uudcrjjiound  supply  from  the 
mountains.  Present  indications  are  favoralde  to  the  putting  in  of  a 
great  many  more  pumps.  Pumps  raising  5U0  gallons  a  minute  or  less 
have  hut  one  t!  or  8  inch  well  to  draw  from,  while  the  larger  pump» 
have  two  or  three.  S(»me  of  (hem  would  niisc  water  chcajM'r  to  have 
more,  for  when  the  wells  me  furnishing  a  large  amount  the  water  is 
lowered  so  much  that  the  exi>cnsc  of  pumping  is  greatly  increased. 
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FiiJiii  the  tfsts  made  ever3'  5  feet  iiicrca-se  in  lift  increases  the  cost  of 
fuel  for  pumpiiij;  1  cent  for  eai-h  li>,(XKt  gallons  pumped.  The  prod- 
uetd  grown  are  alfalfa,  fruits,  corn,  and  gjirden  truck.  Excellent 
prices  are  realized.  Alfalfa  hay.  baled.  i?<  usually  worth  al)out  lt>15 
per  ton. 

A  short  distance  l)elow  El  Paso,  on  the  American  side  of  the  Rio 
Grande,  there  are  three  old  Mexican  ditches,  which  together  water 
ahout  3,<.H>()  acres,  and  at  various  [mmiiIs  iilouir  the  river  l)etween  El 
Paso  and  the  mouth  of  the  Pecos  there  are  ditches  watering  small 
areas. 

TEANS-PECOS. 

That  part  of  the  State  between  the  Rio  Grande  and  Pecos  River  is 
known  as  tnms-Pecos  Texivs  (tijj,  4rt).     It  is  semiarid,  the  avemge 
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rainfall  for  the  western  part  being  about  9  inches;  for  the  eastern  |)iirt 
about  12  inches,  while  it  is  subject  to  very  long  periods  nithont  iu\\ 
rain.  It  is  a  stock  country,  supjiorting  twenty  to  tweut_v-tiveantiiial> 
to  the  section,  and  no  effort  is  made  to  grow  anything  without  irriga- 
tion. Water  is  available  for  the  irrigation  of  only  a  snmtl  part  of  it. 
The  southwest  part  of  it  has  a  mountain  nmge  5,0(M>  to  l(),(i(tO  feet 
high  that  seems  to  l)c  a  feeder  to  a  portion  of  it.  There  are  some 
good  streams  in  the  mountains,  iuit  they  disjippenr  on  reaching  the 
plain.  In  this  plain  some  large  springs  appear,  furnishing  walcr  for 
irrigation.  The  Santa  Rosa  Springs,  not  far  from  the  Pecos  River 
and  about  20  miles  south  of  the  Texas  and  Pacitic  liailroad,  furnish 
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water  for  000  ik-ivs.  Near  Fort  J^locktou  are  the  (Vminnclio  Spritijifs 
with  water  for  S.tMiO  acres.  Ten  miles  west  of  these  are  the  Leon 
Springs  with  water  for  1,000  acres.  Not  nearly  all  the  water  from  these 
springs  is  used  for  irrigation. 

Not  fur  from  the  liead  of  Toyah  Creek  a  largo  spring  appears, 
coining  out  of  an  opening  9  feet  wide  and  flowing  about  4  feet  deep. 
About  *200  feet  fmni  this  spring  i.s  Phantom  Lake,  into  whioh  this 
water  flows  and  all  dis!ip(M'ars.  The  lake  has  no  visible  outlet.  Part 
of  the  water  is  taken  from  the  short  stream  for  irrigaiting  about  (Jim 
aeres. 

Toyah  Creek  originates  in  a  large  spring,  the  waters  of  which  irri- 
gate nearly  3,000  aeres.  Some  6  or  7  miles  below  is  Saragosa  Springs, 
iriigating  70(i  aeres.  P^arther  down  is  the  Santa  Ysabel  Spring,  irri- 
guliiig  '2^iO  aeres,  and  another,  the  Collier  and  Love  Spring,  iri'igating 
25U  acres.  The  irrigation  under  these  systems  is  largely  for  wheat 
and  foragt^  for  stock. 

South  of  Kent  station,  at  one  of  the  ranch  houses  of  the  Reynolds 
Brothers,  is  a  spring  irrigating  l(>  acres.  All  kinds  of  fniits  and 
garden  truck  are  grown.  Near  the  mouth  of  Toyah  Creek  is  a  lake 
covering  nearly  2,iiuo  acres  at  low  water  ami  increasing  tu  ;i,500  acres 
at  high  water,  .loining  this  lake  on  the  west  are  the  llaekberry 
Sjirings.  They  are  in  a  section  or  more  of  marsh  land.  The  sjtrings 
proper  are  ilO  to  50  feet  across  and  I.''  to  "io  feet  deep.  It  is  propo.sed 
to  put  a  ditch  through  these  springs  and  secure  a.  (juantity  of  water 
for  irrigation.  Other  springs  supply  water  for  smalt,  isolated  areas 
scatteretJ  through  the  trans-Pecos  country.  For  the  above  facts  in 
regard  to  the  springs  and  irrigation  from  them  we  are  largely  indebted 
to  Major  Bomar,  a  civil  engineer  living  in  Barstow. 

PECOS  ARTESIAN  WELLS. 

In  the  town  of  Pei'Os  and  imnieditite  vicinity  are  aljout  80  artesian 
wells.'  They  are  used  largely  for  irrigating  gardens  and  for  domestic 
purposes.  No  general  irrigation  is  attempted.  The  soil  is  what  is 
locally  known  as  gyp.  The  wells  have  a  force  sutHcient  to  raise  water 
'25  feet  aljove  the  surface  in  a  pipe.  The  following  is  the  log  given  by 
a  well  digger: 

(1)  IS  to  20  feet,  gyp. 

(2)  20  to  3r>  feet,  quicksand. 

(3)  40  to  hO  feet,  white-looking  clay. 

(4)  80  to  225  feet,  altenmting  layers  of  gyp  and  sand. 

(5)  225  to  235  to  250  feet,  gray -colored  greasy  clay. 

(6)  Stratii  of  gyp  cobble. 

(7)  Just  al)ove  the  water,  tj  to  7  feet  gray  .sjindstone. 

The  depth  of  wells  in  the  town  of  Pecos  is  235  to  285  feet;  2.5  miles 
north  of  Pecos,  !tO  feet.     Seven  miles  .southeast  a  well  close  to  Toyah 
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Lake  just  flows  at  the  level  of  the  lake.  This  artesian  belt,  so  far  as 
prospected,  is  about  10  luiles  long  by  2  miles  wide  and  ail  ou  the  weat 
side  of  the  Pceos  River.  In  a  well  5  miles  west  of  Pecos,  485  feet 
deep,  the  water  stands  28  feet  below  the  surface. 

The  Dixie  Irritjation  Compuuy  proposes  the  development  of  an  irri- 
gation enterprise  on  the  west  side  of  the  Pecos  River  at  this  point,  but 
the  work  has  not  progressed  far. 

PECOS  VALLEY  IRRIOATIOIT. 


r 
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The  Pecos  River  supplies  water  for  irrijratiori  in  New  Mexico  and 
Ti'xa.s.  The  volume  of  wuter  varit-N  with  the  reason.  In  one  of  its 
flood  times  an  engineer  estimated  ils  discharge  at  41,U0U  cubic  feet  per 
second.  The  (|uality  of  the  water  is  good  when  there  is  a  good  sup- 
j)ly  in  the  stream,  but  when  it  is  very  low  the  water  is  charged  with 
common  salt.  There  are  three  large  irrigation  enterprises  in  Texas 
that  take  water  from  Pecos  River.  The  Barstow  Irrigation  Company 
has  a  charter  cnliiiig  for  l.O'JO  <'nl»ic  feet  per  second,  but  so  far  only 
about  iJOU  cuhic  feet  per  second  lias  l)een  used,  irrigating  about  8,00(l 
acres.  The  company  has  about  05  miles  of  main  and  hitei-jil  ditc-he^. 
Tlie  miiiti  ditch  is  30  feet  wide  on  thi*'  bottom  and  capable  of  carrying 
water  0  feet  deep.  The  crops  grown  are  peaches,  pears,  grapes,  canta- 
loupes, alfalfa,  cotton,  and  forage  for  stock.  The  conditions  for  fruit 
prtwhu-tion  .nceni  very  favoral)le,  and  the  tinu'  the  products  go  on  the 
iiiai'ket  is  quite  advantageous.  Five  hundred  acres  have  been  planted 
to  grajK's,  and  5-year-old  vine-s  Uave  been  doing  well.  The  varieties 
grown  with  most  success  are  the  ones  grown  in  California,  (fie  Muscat 
of  Alexandria  being  the  one  in  the  lead.  Cotton,  under  an  intelligent 
system  of  cultivation,  is  giving  satisfactory  results.  The  first  water 
cnntracts  of  the  original  eoni|>auy  call  fur  4U  acre-incites  (»f  water  i>er 
acre  in  tun  distriliutions  at  !t^l.-o.  Latei'  conti'acU  give  '2ii  acre-inches 
at  $1.75  per  acre,  and  4b-acre  water  rights  are  sold  for  ij^titH). 

The  Pecos  River  Iri-igsitinn  Company  has  n  canal  orr  the  west  side 
of  the  river  heading  about  28  miles  below  Pecos.  It  is  ahont  12  miles 
long  and  was  designed  to  irrigate  20,000  acres.  Only  a  small  area  of 
land  has  l)cen  watered,  liecause  the  river  supplies  very  little  water. 

The  Gmnd  Falls  Irrigation  Company  takes  water  from  t!ie  east  side 
of  the  river  IH  miles  south  of  M(jnahans  station  and  a  few  miles  below 
t!ie  lieail  of  the  cuniil  of  the  Pei-os  River  Irrigation  Company.  It 
covers  ;-io,oLK)  acres  and  irrigates  6.000  to  S,000  acres.  The  ([uality  of 
the  water  when  the  river  is  at  a  fair  stage  is  good,  but  when  the  river 
is  low  it  beconu's  considerably  aflectcd  with  conuiion  salt.  The  com- 
pany contemplates  water  development  for  increased  supply  at  low 
stages  of  the  river.  The  crops  grown  are  mainly  alfalfa  and  cotton, 
with  some  forage.     A  Ix-ginniug  has  lieen  made  in  fruit  growing, 
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psppciallv  i:jnipe.s.  Tln^  c(Hiipiiiiy  contriicts  to  fiirniah  12  lU're-inches 
piT  iicre,  or  sufficient  t«  priHhieo  II  i-roji,  at,  spl.^.j  per  iicre.  Sales  of 
improved  liintl  with  water  iiuvc  been  made  at  $5(t  to  ^l(H)  per  aere, 
while  siirromulitiif  land  its  worth  ifo  to  ij^lO  per  acre. 

The  iiM'thfid  of  irrit,nitiuii  under  lioth  of  these  systems  irj  tloodini>:  for 
everythiiifj.  Much  of  tlm  hiiul  is  cultivated  by  Mexicans,  who  jjet 
about  one-third  of  a  tmie  of  cotlori  per  acre  where  a  jfood  farmer  will 
get  a  full  hale, 

MONAHANS'  WELLS. 

At  Monahans  the  Texiis  Patilic  Railroad  t'ompany  has  wells  60  to 

TO  feet  deep.  A  train  load  of  water  is  taken  every  day  to  western 
points.  A  good  many  windmills  in  the  village  pump  from  bored 
welLs.  The  soil  is  very  sandy  and  fruit  trees  grow  well  where  well 
irrigated.  A  peculiar  feature  of  tliis  region  is  the  sand  hills.  These 
are  4  miles  from  the  railroad  wells  ami  are  over  1;)()  feet  above  Moua- 
hans  and  2W  feet  above  the  water  in  the  wells.  In  some  localities  in 
these  sand  hills  water  eaii  be  had  l»y  scraping  the  sarul  away  with  the 
hand.     Formerly  there  were  small  lakes  in  the  >aiid  hills. 

CONCHO,  SAN  SABA,  AND  LLANO  RIVERS. 

The.se  rivers  are  all  tributaries  of  the  Colorado  River  on  its  west 
side  (map.   tig.  47).     As  sources   of   water   for   irrigation   they   are 
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excellent.     The  ((uality  <»f  water  is  good  and  the  supply  is  constant. 
Neither  dry  nor  wet  weather  seems  to  affect  the  supply  from  the 
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springs  from  wiiicii  tln'V  risv.  The  stri-auiM  ha.\v  tla-ir  floods  from 
the  excess  of  wtiler  running  off  the  surface,  l)»fc  the  large  spring  that 
{jive  the  iiortiinl  supply  Ut'i'p  thfir  rc^niliir  (iovv. 

On  the  North  Conrho,  ahove  Sterling,  an^  tliree  ditches.  The  iipjier 
one.  or  Kellin  diteh,  has  been  in  operation  fifteen  yeare  and  irrigates 
80  acres.  It  is  a  private  system  and  cost  thirty  days'  work  for  the 
owner  with  hLs  four  boys.  It  has  been  maintained  in  tlie  same  way. 
CJrains.  corn,  cotton,  sorghum,  melons,  and  sweet  jwtatoes  are  raised. 
Of  some  things  two  crops  ai'e  grown  per  year.  A\'ells  iji  tlie  l<)w  val- 
It-y  are  Id  to  la  feet  deep.  These  outer  a  bed  of  gravel  which  underlies 
the  valley. 

Next  liidow  is  the  Mctiee  canal,  owned  by  four  or  five  persons.  It 
irrigates  140  acres.  Four  and  five  crops  of  alfalfa  are  grown  ijerycar 
and  yield  6  tons  per  acre.  Johnson  grass  yields  H  tons  per  acre.  Con- 
siderubte  areas  of  garden  products  are  grown,  Another  dam  below 
this  has  just  been  put  in.     It  supplies  water  for  SO  acres. 

At  Grass  Valley  are  two  ditches,  together  irrigating  *250  acres.  Cot- 
ton is  grown  undci'  the  upjicr  one  and  feed  crops  under  the  lower  one. 

On  the  South  Coiiclio  arc  live  dauis  diverting  water  for  irrigation, 
three  of  them  owned  by  Mr.  Metcalf.  The  lower  one  is  near  San 
Angelo.  Till'  ditch  is  rated  by  the  owner  as  carrying  r>.iKiii  gallons  pi-r 
minute,  and  each  of  the  other  ditches  at  (j,nuo  gikllons  per  minute. 
Together  they  irrigate  about  1,000  acre.s.  The  Hisniark  farm  has  a 
tlilch  irrigating  about  <iO0  acres.  On  this  place  irrigation  has  Ih'cu 
carried  on  for  thirty  years.  This  long-coiitiiuied  irrigation  and  culti- 
vation has  apparently  had  no  bad  effect  upon  the  fertility  of  .soil  except 
for  the  growth  of  grain.  This  may  lie  largely  acctnutted  for  by  tbe 
soil  running  together  from  irrigation  and  baking  harder  than  formerly. 
Incluiling  the  irrigatitm  plant  of  tbe  Twin  Mountain  farm  there  are 
live  irrigation  enterprises,  all  private,  within  is  miles  of  San  Angelo. 
A  variety  of  products  is  grown.  There  is  considerably  more  grain 
grown  under  these  systems  than  was  observed  elsewhere.  Probably 
one-third  was  cotton,  with  corn  ami  .Ioltns<in  grass  coming  in  with  fair 
areas.  Near  San  Angelo  there  arc  several  gardens.  Irrigated  lands 
are  held  at  ij^'Jo  to  if 50  per  acre,  except  near  San  Angelo,  where  tliey 
are  held  much  higher.  Surrounding  lands  without  water  sell  for  §5 
to  §10  per  acre. 

At  Christoval,  on  the  upper  South  Concho,  is  another  ditch  carrying 
5.000  gallons  per  niirmte,  with  over  half  as  umch  more  going  to  waste. 
The  area  irrigated  is  fiUO  to  nOO  acres,  largely  in  cotton  and  corn.  On 
Cole  Creek,  a  branch  of  South  Concho,  above  Christoval,  is  a  small 
ditch,  carrying  about  5oo  gallons  i\  iniimte,  irrigating  75  to  100  acres. 

At  Knickerbocker  on  Dove  Creek,  another  branch  of  the  South 
Concho,  there  are  two  ditches,  one  on  each  side  of  the  creek.  About 
1,200  acres  are  irrigated  on  the  east  side  and  tioO  acres  on  the  west  side.       ■ 
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At  tliis  placo  -loiiusoi)  gru-ss  .swincil  to  iu'  in  tin-  loiui  in  iicrwi^e, 
crittoti  lomiriff  in  a.s  h  floso  second.  Aifalfji  yii'lils  5  tons  per  arre, 
eotton  1  to  l.J  Imlcs.  corn  30  to  7.5  Imstii'ls,  sweet  potjitoes  .'{DO  to  ,")U() 
l>ushe!.s  per  Here.  One  steimi  pump  was  put  in  tliis  season  to  lielp  out 
the  water  supply  on  <ine  fiirin. 

.\t  Slirrwood.  on  (iood  Spi-iny  C'recli,  another  liniueii  of  the  Sowtli 
C<*ncho.  tliere  are  tliree  ([suns  and  ditches.  In  utl  iiliout  S(H)  acres  is 
irrif(ute<l.  The  produels  grown  are  about  the  same  as  given  alKJve, 
except  tluit  tliere  is  more  sorghum  und  Milo  uiuiz(>.  Some  extra  large 
yields  of  cotton  were  reported.  Some  irrigation  hegim  in  this  vicinity 
in  1876. 

Indications  point  to  hirge  seepage  losses  in  the  ditrhcs  in  the  C'oih'Iio 
irrigation  systems.  Nearly  all  the  irrigated  land  has  u  gravel  hed 
underneath,  whieh  facilitates  seepage  losses,  but  the  water  gets  Imck  to 
the  creek  <juiekly  and  increases  the  supply  for  those  l)elow.  One 
ditch  WHS  reported  sis  losing  half  its  water  in  i  miles. 

The  San  Salia  River,  getting  it.-*  svipply  from  springs,  furnishes  a 
large  amount  of  water  for  irrigation.  The  principal  ditches  are  near 
Menardville,  about  75  miles  above  the  mouth  of  the  river.  The 
Kitchen  ditch,  irrigating  about  S50  aere.H,  heads  about  ti  miles  below 
Menardville.  The  Noyes  ditch,  irrigating  2,<>0u  acres  on  the  south 
side  of  the  river,  heads  4  miles  above  Menardville  The  Sieker  ditch 
heads  about  1  mile  below  the  town  oii  the  north  side  of  the  river  and 
waters  about  2(M)  acres.  Above  Menardville  the  I'etmarcey  ditch 
covers  a  small  area.  There  are  a  number  of  large  springs  about  50 
miles  below  Menardville  that  come  out  of  the  hills  eonsi<lerably  above 
the  valley  land.  One  of  these  springs,  Howing  uViout  3.0()U  gallons  per 
minute,  is  known  lus  the  Sloan  spring.  Irrigation  liegan  from  some  of 
the  springs  thirty-tive  yeiirs  ago  and  there  is  now  soiiu'thing  over  500 
acres  iri'igated  from  them.  Ijes.s  (han  one-half  the  water  is  used  even 
during  the  months  of  heaviest  irrigation.  There  are  two  springs  esist  of 
San  Saba  irrigating  about  ("id  acres.  Cotton,  corn.  Johnson  gnuss,  and 
alfalfa  are  the  princi])al  prodiu-ts  grown  under  all  thes(>  ditches.  One 
report  of  cotton  yield  was  given  as  3  hales  from  IS  acres  of  dry- 
land and  U  bales  from  6  a«'res  of  irrigated  land.  Besides  these 
ditches,  there  are  thirteen  pumps  irrigating  about  l,5(iOacres.  Under 
ordinary  cireunistances  these  pmn}>s  are  run  oidy  ten  or  twelve  hours 
a  day.  The  pumps  are  all  centrifugal;  eleven  of  them  use  steam 
power,  two  of  them  gasoline  engines.  There  are  one  10-ineh,  three 
8-inch,  six  6-inch,  one  5-inch,  and  two  +-inch  pumps. 

On  the  Llano  Kiver  and  its  tribuUiries  near  .lunction  twenty-two 
ditches  and  springs  were  used  in  irrigating  alwut  l,6oo  acres.  Five 
parties  pump  water,  irrigating  5(X*  acres.  The  Llano  Irrigation  and 
Ditch  Company  has  a  newly  made  ditch  near  Junction,  and  is  irrigating 
thi.s  tirst  year  about  50()  acres.     There  are  about  5,0U0  acres  acce^ssible. 
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At  the  company "s  diverting  dam  nearly  all  the  water  is  taken  from  the 
river,  10,(H>»  gallons  per  minute  at  the  time  it  was  visited;  u  large 
part  of  this  was  going  Imck  into  the  river  some  distance  below  the 
junction.  In  the  4  miles  lietween  this  diverting  dam  and  the  town  of 
Junction  tiie  river  had  increased  to  l!'2,(XM>  gallons  per  minute.  .Some 
other  good  stresims  and  springs  come  into  it  a  short  distance  below. 
Tlie  impression  gained  from  measuring  the  river  at  Junction  and  exam- 
ining it  at  Llano  was  that  nearly  50  per  cent  of  the  stream  vt'&s  lost  by 
seepage  in  almut  75  miles.  Forty  to  50  miles  of  the  bed  of  the  river 
is  granite  rock  and  sand. 

Seven  miles  below  Junction  is  a  44)-aere  tract  of  alfalfa  supplied 
with  water  liy  water  power.  The  tield  has  ]^een  cropped  continuously 
for  fifteen  years,  and  is  still  as  fine  a  field  of  alfalfa  as  one  ever  sees. 
The  pump  runs  ten  months  in  the  year.  The  owner  claimed  that  by 
beginning  early  and  getting  the  ground  full  of  water  before  the  grow- 
ing season  began  he  got  better  crops,  antl  with  the  full  capacity  of  the 
pump  was  able  to  irrignti-  and  keep  in  good  condition  a  considerable- 
greater  area  than  he  could  l)y  Ireginning  irrigation  with  the  growing 
season. 

The  ordinary  irrigating  season  on  the  three  rivers  mentioned  covers 
about  three  months  from  the  gravity  ditchi's  and  two  months  from  the 
pumjK.  The  apparent  cuniuion  source  of  water  suppi}'  for  tbe.se 
streams  is  strikingly  illustrated  by  an  example  on  Clear  Creek  alwjve 
Meiiardv  ille.  Within  a  short  distance,  at  the  head  of  this  creek,  about 
5,(Kio  gallons  [wr  minute  comes  out  of  springs.  A  ditch  is  taken  out 
carrying  a  jmrt  of  this  water  for  irrigation.  When  the  water  is  shut 
out  of  this  ditch  for  cleaning  there  are  two  springs,  one  a  mile  away 
and  tile  other  14  mile.-,  that  h'sscn  their  flow  of  water.  These  springs 
are  in  separate  ravines.  When  the  water  is  let  into  the  ditch  the 
rcgninr  How  comes  again.  There  is  an  outcroppitigof  perforated  r<a-k 
that  seems  to  underlie  this  section  and  forms  an  easy  means  of  water 
How  from  one  place  to  anotlier  and  renders  storage  dams  in  this  section 
out  of  consideration. 

The  Colorado  Kivcr  Iwlow  the  moutfi  of  the  Concho  is  the  source  of 
a  considerable  water  supply  for  irrigation  by  pumping.  The  differ- 
ence iH-lween  low  water  and  extrenie  high  water  is  about  ."lO  feet.  .\t 
present  between  the  mouth  of  tiie  Concho  and  the  mouth  of  the  .San 
Saba  there  are  seven  pumps,  irrigating  about  1,400  acres.  One  of 
these  pumps  is  a  r2-inch  centrifugiil,  delivering  o.oiKtgsiIhins  a  minute, 
raising  the  water  about  50  feet  at  low  water  in  the  river.  This  pump 
is  near  Big  Valley  post-office.  The  others  are  near  Indian  Creek  and 
Regency.  There  are  plans  for  the  installation  of  (jiiite  a  numlier  of 
pumps  during  the  coming  year,  some  being  alread}'  under  way. 

In  the  vicinity  of  Brownwood,  on  the  Pecan  Bayou,  seven  pumps 
are  in  operation,  irrigating  al>out  800  acres.     Of  the  larger  ones  two 
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are  on  the  Sinith-Joiikiiis  fiirni  siiid  iiiiutlier  is  uri  the  Swiiulon-Pecun 
farm;  two  smiill  ones  are  npenited  for  garden  work.  Cotton  is  the 
priucipal  crop  irri^ted  in  this  portion  of  the  State. 

COST  OF  IRHIGATION. 

Circutiisbinces  vary  «o  much  tliat  any  exact  tifjiircs  ure  not  to  he  con- 
sidered. On  the  our  hand  ai'e  the  larj^e  sprinj^s  coining;  out  ahovc  (he 
hmd  to  Ite  irrigated  where  tin?  maintenance  of  a  short  ditch  is  ail  that 
is  required.  This  wouki  not  exceed  $1  per  acre  for  the  year.  On  the 
other  extreme  is  the  punipitig  plant,  raising  water  say  Ih  feet  and  using 
18  or  20  cent  gasoline,  at  a  co.st  of  more  than  i^lU  per  acre.  To  the 
fuel  cost  nnist  Im  adde<l  the  care,  wear,  and  tear,  repaii-s,  expenses, 
eti'.,  all  of  which  vary.  It  might  be  safely  plared  in  this  case  at  l?3 
per  acre,  making  the  cost  of  getting  tiie  water  to  the  land  more  than 
If  li  per  acre  per  year.  A  numi)er  of  pumping  plants  have  contracts 
to  furnish  wirter  to  ni'ighlioring  lantls  at  i^">  to  1^7  per  acre.  Tlie  aver- 
age '.'onditions  of  <'onlral  and  we.->tern  Texa.s,  where  tlie  water  is  piniiped, 
are  fairly  represented  hy  the  !f7  rate  where  gasoline  engines  arc  used 
for  puni|iing.  Where  steam  is  used  with  woiwl  for  fuel  at  !?2  |»er  cDrd 
the  cost  is  less.  All  kinds  of  prices  were  found  for  gasoline  use<l  to 
run  engines,  ranging  from  12  to  2(1  cents  per  gallon.  In  a  numlier  of 
places  the  fuel  cost  of  pumping  where  gjisoline  engines  are  used  was 
placed  at  $1  per  acre  vvhei-e  gasoline  was  Ki  cents  and  ov(>r. 

The  use  of  gas  generators  producing  gas  from  crude  petinliMini  with 
gasoline  engines  has  shown  some  good  results  on  tests  of  a  few  days' 
length.  J.  A.  Smith,  of  El  Pa.so,  after  making  a  four-day  test  found 
that  with  crude  oil  at  3  cent.s  per  gallon  he  coidd  run  his  engine  for 
$1  pel'  <lay  of  ten  lumrs,  pumping  aliont  !«M)  gulluus  a  minute.  A 
comparative  test  showed  that  -iM  per  day  was  required  witli  gasoline 
at  17  cents  per  gallon. 

At  Mesilla  I'ark,  N.  Mex..  with  crude  oil  at  fij  cents  jiergidlon,  and 
ga.soliiie  at  2Ui  cents,  the  fuel  t'ost  of  innning  ten  hours  on  crude  oil 
was  lO.OS.  and  $().(),'>  for  gasoline.  This  last  test  was  made  hy  the 
oflicers  of  the  agi-icultura!  college.  While  these  tests  seem  highly 
favonihle  to  the  use  of  cruile  oil  actual  experience  shows  consideiahle 
douht  on  the  advisability  of  uriing  it,  the  ditticulty  coming  from  all 
parts  of  the  engine  hccotnirjg  so  dirty  and  the  genenitor  itself  liecotn- 
ing  so  tilled  with  the  hardened  refuse  as  to  C4iuse  very  frequent  and 
long  delays.  A  prominent  user  of  crude  oil  for  gasoline  engines,  in 
California,  recently  iniide  the  statement  in  writing  to  yoru"  agent  that 
he  did  not  know  of  any  generat(n'  that  could  he  called  a  fuil  success 
with  the  heavy  oils  having  an  asphaltum  base,  as  have  most  of  the 
crude  oils  t>f  Texas  and  California. 

It  seems  to  he  the  usual  custom  in  Texas  to  have  (piite  a  large  plant 
for  the  area  of  land  to  he  irrigated,  so  that  they  run  onl}'  ten  or  twelve 
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hours  a  day,  «r  1(1  tluMi  liuve  iiitorviils  hetvvwii  irrigations.  The  first 
cost  is  greater  than  wouUl  he  rt>(|uir<?d  if  sinaller  plants  were  used, 
ni'ct^Ksitiiting  a  fjrcater  aiiioiint  to  he  added  to  the  cost  of  irri^tion  for 
fixed  cliur^jjes.  Tliere  is  possihly  in  some  instances  f,''reater  econouiy 
in  hundlin<r  the  water  in  hirjjer  (juantities,  hut  it  umst  he  confessed 
that  freijuently  much  water  is  wasted  witli  tlie  !ar;re  |>hints. 

The  cost  of  ii'rii{:ution  from  ditches  taliiiijr  the  water  from  running 
streams  oi-dinarily  does  not  exceed  i^"i  per  acre  per  year.  Tiiisexpen.se 
comes  largely  from  the  cost  of  lieeping  up  a  diverting  dam  and  cleaning 
ditches.  Most  of  the  ditciies  arc  owned  iiy  indivitluals  or  In'  partner- 
8lii[)s  in  whieli  tlie  o\vn<'rs  rio  the  maintenance  work,  hence  there  i.s 
very  little  actual  cash  outlay.  Wiiere  stored  water  is  used  the  cost 
jjer  acre  oniinarily  runs  higher,  the  costof  a  wetl-huilt  dam  Indng  nmch 
more  tliati  the  ordinary  cheai*  diverting  dam  that  is  in  general  use. 
Comparatively-,  only  a  small  amount  of  irrigation  is  done  witli  stored 
water.  In  ujost  localities  it  would  he  u  more  sure  source  of  .supply 
and  the  water  would  he  of  a  hetter  (|uality.  A  nunilK>r  of  piuiiping 
]ilaut.s  were  tested  to  determine  e.vactly  (he  ex|)ense  uf  pumping.  In 
the  following  tabic  giving  residts  of  these  tests  all  the  pumps  are  cen- 
trifugal except  the  last  otic,  which  is  a  high-duty  steam  Corli.ss  engine 
Hy -wheel  pump.  It  was  put  in  undei'  a  guaranty  and  worked  hetter 
than  guaranteed.  Jt  is  (ilaced  in  tlie  tahle  foi'  the  piu'pose  of  <-ompar- 
ison  lo  show  the  difference  in  high-graile  machinery  and  the  ordinary 
machinery  in  common  use  in  pumping.  The  power  for  all  the  pumps 
in  ihe  tahle  except  the  hist  two  is  the  gastdine  engine.  The  ne.xt  to 
the  last  in  llic  tahle  is  a  company  pump.  It  is  rmi  with  steaiu,  using 
wood  for  fuel  at  $2  per  cord,  mostly  oak  wood: 

Tatii  of  pumping  planlt. 


Nnme. 


M.  s.  CiKly 

It.  Jen.'K'ii 

H.  I..  AnnMit 

T.  T.C(«ili 

Kraiik  UH«rli 

liwiri!!'  r.tiilell 

W.c.  Hillingsley 

B.  S.  Bruwii  ikSou 

W.  .K.  Gforpp 

JuliimT.  I'on-hcr    

('h»rlw  Hni'f 

EilHunl  .Miiiiwer 

J .  S.  rorclicr 

J.  A.Suiilh 

1)1. 

MfciillK  I'urk  (l»W)  .... 

Do 

IXl 

T.J.  Mnjom 

BiK  V»lli-y  Co.  (steam), 
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iT>i(lo.C«l..lii|?h-dHly 
piiuip  {filfani) 
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The  first  pt)int  to  hr  noticed  in  the  tattle  is  the  rated  horsepower  of 
the  engines  tus  {riven  liy  tiu'  agenLs  seilinjj  them,  and  the  next  the 
achml  power  used  to  pump  the  water,  as  shown  in  the  next  colnnin. 
The  nUed  liorscpower  of  some  of  them  was  raised  when  it  was  found 
that  ipiite  a  hii'j^'e  amount  of  pisolino  was  required.  This  was  done  to 
make  a  iietter  comparison.  Some  of  tiiem  maiie  a  very  good  showing 
by  comparing  the  rated  lK>rs('power  with  the  gasoline  used  in  lo  hours. 
One  gallon  of  ga.soline  per  horsepower  in  ten  hours  is  ret-ognizi-d  a.s 
about  the  best  result  that  can  l>e  reached.  Tfn'  comparison  shows  that 
n  few  plants  apjiroach  this,  and  that  sevend  of  the  engines  use  2  gal- 
lons of  gasoline  for  1  horsepower  that  is  actually  reipured. 

The  suction  or  distnnce  of  the  water  below  the  pump  was  obtained 

^B    with  the  vacuum  gauge,  except  in  the  last  three  eases.     All  of  these 

^^  pi^ps  were  drawing  water  from  wells  except  the  thii'd  and  second 

r         from  the  last,  whicti  were  pumping  from  streams.     Two  exani]>les  are 

given  of  the   use  of  crude  oil  —one   from  ,h  A.  Sntith  of  El   I'aso, 

and  one  from  Mesilia  Park,  N.  Mex.     Making  a  comparison  of  the 

tinal  results  as  shown  in  the  last  column,  the  crude-oil  tests  make  a  fine 

showing.     The   actual   results,  however,  are  not  so  good.     There  is 

more  delay  and  much  cleaning  required.     For  the  larger  engines,  if 

one  is  pi'epared  fttr  gasidine  and  crude  oil,  the  experienced  pi^rson-s  in 

the  use  of  crude  oil  claim  considerable  expense  saved  in  fuel  by  its 

use.     The  engine  requiied  regular  and  .systematii'  cleaning. 

The  last  column  contains  the  sminnary  of  the  tests.  The  figures 
show  the  cost  of  raising  1  acre-foot  I  foot  with  gasoline  at  14  centj* 
{)er  galhni.  At  some  places  it  was  only  12  cents,  at  others  17  cents, 
and  at  Mesilia  Park  it  was  nearly  20  cents,  but  for  the  purp :»sc  of 
comparing  the  relative  etiiciency  of  the  ditferi'nt  outfits  the  number  of 
gallons  used  in  ten  hours  w-as  taken,  and  valued  at  14  cents  p«'r  gallon. 
The  Big  Valley  t^'ompany  makes  a  good  sliowing  in  its  steam  outfit, 
raising  1  iicre-ft>ot  1  foot  for  2  cent.s,  wliich  is  less  than  half  the  co.st 
with  gast)liiie  outfits.  But  this  is  done  with  wood  at  $2  per  cord, 
which  is  cheap.  The  litst  one,  the  Chase  Nursery  {!'oin|)aiiy,  of  Uiver- 
side,  Cal.,  shtiws  (he  possibilities  of  high-grade  machinery.  In  all  the 
calculations  for  final  results  in  the  last  colunm  only  fuel  expense  is 
ironsidered. 

ECONOMICAL   OPERATION  OF  PTTUFS. 

One  source  of  loss  iti  the  steam  plants  which  everywhere  impressed 
the  writer  was  uncovered  steam  pipe^.  and  the  tops  of  boilers  and  boiler 
domes.  In  a  few  instances  steam  pipe  75  to  100  feet  from  Iwiler  to 
pump  was  ex]x>sed  the  whole  length. 

A.S  to  gasiiline  engines,  some  of  the  agents  complained  that  the 
engincei's  would  not  turn  off  the  fuel  wnfficientiy  t<)  make  an  economical 
showing.     Much  fuel  can  be  saved  by  being  careful  on  this  point.    As 
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^^        soon  Its  tho  engine  bpcomes  wpH  hoated  liy  running  ten  or  fifteen  niin-     V 
utes  ttif  snpplv  cim   be  (■iit  uif  vei-y  much.     As  soon  sis  tlic  otijrinc  is      f 
well  heated,  turn  off  the  supply  very  slowly  until  the  engine  shows  a 
loss  of  motion,  then  turn  on  a  little  iTiore.     Some  of  the  erijrines  that       ■ 
show  sueh  low   records  could  undoubtedly  he   improved  with  some      I 

^H        other  vti])orizers.                                                                                                  1 
"            It  will  he  observed  that  some  of  the  enj^ines  are  so  niiieh  larjrer  than     1 
is  required  ihatu  loss  is  experienced  from  that  soiiree.     Xeai-  El  Paso     | 
a  loss  is  undouhtedly  experieneed  from  drawing  the  water  so  low  in 
the  wells.     One  or  two  more  wells  for  some  of  the  plants  would  most      m 
likely  result  in  economy.    The  water  lev(d  would  not  j^'o  so  low,  which      f 

^B         would  iiuike  a  shorter  suction.     From  actual  test,  a  suction  of  25  feet, 

^"         as  shown  hy  the  vacuum  fiauffe,  will  cause  the  water  to  hreak  at  El  Pa.so. 
A  mimber  of  pumpinir  plants  were  visited,  )»ut  not  tested.     Thl^^l- 
lowintj  table  contains  the  statements  of  their  owuei-s  «.s  to  sizes,  capac-     fl 

^B         itics,  and  areas  served:                                                                                       fl 

^^B                                               Piiiiijtiiuj  jilaiilt  nnt  in  list  of  pumps  tetUd.                                           H 

^^H                 PoA^ulBce. 
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Kind  of  pump.  SIxo. 

Power              ''•.'*  P^' 
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rtguted.       ^ 
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[  SOME  STATEMENTS  OF  CROP  PRODUCTION  IN  TEXAS. 

The  figures  yiven  tjclow  are  those  that  seemed  to  have  jj^nod  Imck- 
ing  as  stated  by  conservative  nipti.  Some  of  them  are  eoiisidered  to 
be  full  average  results  for  a  muiiber  of  years.  Some  of  (hciii  are 
average  results  for  a  whole  ditch  system. 

At  El  Paso  nothing  is  attempted  by  way  of  crops  without  irrigation. 
Mr.  .F.  A.  Smith  gave  the  yield  of  alfalfa  at  5  to  (i  tons  per  acre,  aver- 
age price  about  ^12  per  ton.  A  large  part  of  the  irrigation  in  that 
vicinity  (about  30  pumps)  is  for  garden  stutf,  sweet  potatoes,  melons, 
tomatoes,  and  chili,  with  all  kinds  of  returns  up  to  !>;iuo  per  acre, 
fruits  giving  the  largest  returns.  Grapes  from  mature  vines  bring 
*.30u  to  ty^OO  |)er  acre.  Mr.  Coffin  in  1903  sold  the  pears  from  25 
a<'i'es  for  $7,150. 

At  Bai'stow  the  yield  of  alfalfa  is  placed  at  .5  tons  per  acre,  with 
prices  ranging  from  $13  to  SI;")  per  ton;  cantaloupes.  $fti  {kt  a<'re; 
grapes,  8»75  to  $l.^o  per  acre;  cotton  under  good  conditions,  1  bale  (o 
the  acre.     The  fiber  of  this  cotton  is  said  to  be  specially  good. 

At  Sterling,  J.  M.  Kellis  has  irrigjited  for  over  fifteen  years  by  a 
gravity  ditch  fnnu  a  constant  stream.  Oats  yields  4U  to  (iO  bushels, 
with  a  crop  of  corn  following  the  oats;  corn  yields  50  to  60  bushels  per 
acre;  fotton  yields  1  bale  per  acre.  In  this  locality  little  effort  is 
made  to  grow  regular  fartu  crops  witliout  irrigation.  For  the  Mtliee 
ditch  5  to  «j  tons  of  alfalfa  per  acre  at  §10  is  reported;  1  bale  of  cot- 
ton is  given  for  this  section.  Considerable  garden  truck  for  local 
markets  brings  larger  returns. 

At  Knickerbockers,  Mr.  Stephens  reports  yields  as  follows:  Corn, 
30  to  75  bushels  jn>r  acre;  swert  potatoes.  30O  to  ."i<io  bushels  per  acre; 
alfalfa,  4  to  (>  tons  per  acre;  cotton.  1  to  1.5  bales  per  acre. 

At  Sherwood  cotton  yields  were  reported  at  1  to  2  bales  per  acre; 
other  crops  as  at  Knickerlmckers. 

li.  Metcalf,  of  San  Angelo,  reported  cotton  yields  at  I  bale  per  acre; 
sweet  jwtatoes  at  400  to  5f)0  bushels  per  acre;  alfalfa.  4  to  5  tons  per 
acre;  Johnson  grass.  2  to  3  tons  per  acre. 

J.  M.  Ingle,  of  Abilene  farm,  near  Putnam  station:  Corn.  80 
bushels  per  acre;  cotton,  700  pounds  per  acre;  onions,  450  bushels  per 
acre. 

H.  C.  Ezzel,  of  Big  Valley,  reported  melons,  ljl'25  tc»  !?150  per  acre; 
cotton,  1  to  1.5  bales  per  acre.  Cotton  without  irrigation  averages 
aJ>out  one-fourth  to  one-third  bale  i)pr  acre. 

Mr.  Ballard,  of  Big  Valley,  gave  appro.vimate  results  as  follows: 
Before  pump  was  put  in  it  was  a  very  scant  living  for  himself  and 
family.  The  first  yeai'  under  irrigation,  though  iri'igation  started  late 
in  the  season,  he  was  abh-  to  pay  his  share  of  the  lirst  cost  and  the 


884  IKIIIUATION    AND    DRAINAGE    IXVESTIGATIONS,  liXW. 

annufil  ex[K>nsi>,  Imd  ii  inucb  better  livinj.'.  and  |mid  i^Biio  on  dohts.  all 
from  HO  acres  irrijjaled. 

At  Sun  Saba,  V.  C  Miller  secured  only  I^  bales  of  eotton  from  IS 
acres  of  unirriwntcd  land.  On  irrij^ated  land  he  secured  9  hales  from 
6  acres.  Thomas  Hawkins  gave  the  averaufe  inei'ense  of  yield  from 
irrijration  as  tliree-fonrlhs  bale  of  cotton.  T.  A.  Sloan  rented  his 
irrijfated  land  (irri<fated  from  a  hirge  spring  aliove  thi'  land)  on  shares 
and  got  $!.">  per  acre  rental. 

At  Menardville,  UTider  the  Kitciicn  ditch,  corn  yields  -iO  to  70 
bushels  per  acre;  cotton.  1  to  2  hales. 

At  rlutu-tiim,  M.  C  Blackburn  jfave  average  yiekls  of  alfalfa  at  5 
tons  per  acre  on  a  4i)-acre  field  that  had  been  in  alfalfa  conttnuousK" 
for  fifteen  years. 

Near  nrownwood,  on  the  Pecan  nayoii.  are  five  pumps  drawing 
water  from  re,-<ervoirs  in  the  creek.  There  are  two  3-inch  pumps,  one 
S-ii)ch.  one  lU  inch,  one  13-incli,  also  tlie  Brownwood  city  pump.s 
drawing  from  them.  One  of  these  pim?ps  is  irrigating  Sno  acres  of 
cotton.  The  owner  claimed  that  in  the  best  of  crop  years  the  irri- 
gated land  produced  at  least  double  and  ofteiv  produced  four  times  the 
average  yield  of  unirrigated  land.s. 


METHODS  OF  IRRIGATION. 


4 
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The  method  of  irrigation  in  fotmnori  use  in  western  and  centniT 
Texas  for  grain,  Johnson  giiiss.  and  alfalfa  is  Hooding  by  iiiean.s  of 
borders  to  confine  the  water.  The  distance  between  the  borders  varies 
as  the  head  of  water  to  l»e  used.  When  heads  of  l..">on  to  ^.Ooo  gal- 
lons a  minute  are  available  the  borders  ui'e  placed  (lo  to  75  feet  apart. 
and  less  as  the  quantity  of  water  is  leas.  In  the  Pecos  Valley  thia 
nn'fhod  is  used  for  everything,  such  as  corTi,  cotton,  orchards,  and 
vineyards.  In  most  places  the  common  method  for  cultivated  crops 
is  the  row  system.  In  the  cultivation  of  the  crops  the  earth  is  thrown  ■ 
up  to  the  row,  which  makes  a  border  out  of  every  row.  All  the  wafer 
that  these  furrows  will  safely  carry  is  turned  in  for  fifteen  to  thirty 
minutes,  all  the  loose  cultivated  soil  on  top  getting  a  good  wetting. 
It  runs  together  <'omi«utly  and,  if  a  clay  soil,  bakes  very  hard.  It 
leaves  the  soil  in  condition  for  the  largest  possii)lc  cvajwration.  On 
new  land  full  of  vegetable  matter  or  on  quite  sandy  land  very  fair  ■ 
results  are  obfained.  Old  lan<l  or  stiff  clay  land  shows  nmrc  the  evils 
of  this  system  of  irrigation.  By  this  method  the  Mexican  irrigators 
in  some  localities  produce  only  one-third  of  a  bale  of  cotton  per  acre  H 
where  good  farmers  get  a  whole  bale.  Where  there  is  considerable 
slo]ie  to  the  land  the  water  runs  rapidly  over,  and  the  results  are  very 
little  better  than  no  irrigation.  This  method  as  generally  practiced 
requires  an  irrigation  every  two  weeks. 
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A  nii'thod  pnu'ticcrl  on  thi^  Rio  (iraiKic  sit  E]  Paso  for  strnwhrrrics 
and  gank'n  stiill'  liii.s  timnv  points  in  its  favor.  The  ji'nmiul  is  tlirown 
up  in  ridfTPs,  as  if  for  plantiiifj  sweet  jiotatncs.  It  i.s  tlien  levpleil  down 
Kdoiit  halfway  and  a  row  of  seeds  or  plants  put  in  near  each  edjjc  of 
tliis  ifvek'il-dmvu  ridi;i\  Tlic  water  is  run  in  >mull  streams  in  the 
furrows  between  the  ridjjes.  The  water  must  run  for  several  buur» 
in  these  furrows.  In  this  way  only  a  small  portion  of  the  surfare  soil 
pets  wet.  Plenty  of  wiiter  jfoi's  under  (he  ridjfe  to  wet  the  roots. 
This  method  leaves  the  ground  in  tine  shajje  for  the  best  of  cultivation. 

8T0EAGE  OF  FLOOD  WATERS. 

The  po8.sibilities  of  irrigation  by  the  stontge  of  tlood  water  are  very 
large.  The  tlocxls  in  the  numerous  rivers  of  the  Stiite,  causing  great 
destruction  of  property,  indicate  an  afiundanee  of  water.  Hundreds 
of  farms  in  each  of  a  great  many  counties  could  be  irrigated  and 
produce  an  abundance  whei'e  now  the  farmer  gets  a  scanty  subsistctu'e. 
A  little  has  bciMi  done  in  this  line.  Pcrhajis  the  largest  storage  of 
water  for  irrigation  jmiposes  is  at  Wichita  Falls.  There  are  dams  for 
storage  of  water  for  city  supply  in  Abilene,  Brownwood,  and  Cisco, 
each  indicating  the  possibilities  in  thi;^  line.  There  are  some  reservoirs 
that  have  been  contemplated  for  some  years — one  of  these  near  Abilene, 
one  near  lirownwotid,  and  one  on  the  San  Saba  Kiver — that  have  been 
fully  surveyed  and  estimates  made.  The  one  near  Abilene,  on  Ktm 
Creek,  is  to  hold  l:5,(HKi,0()(i,i)(i(i  gallons  of  water  and  iri'igate  ;i(l,(HM) 
aersM.  The  drainage  area  is  147  square  miles.  The  one  near  Brown- 
wood,  on  Pecan  Hayou,  is  to  hold  11, 0()0,nuo.noii  gallons  and  irrigate 
3U,<J(.M.I  acres,  and  dmin  750  stpiare  miles.  This  dniiraige  area  is  ample 
for  several  such  reservoirs.  The  engineer  gave  the  neces-sary  capacity 
of  the  wasUnvay  as  4i>,0(J<)  cubic  feet  per  second,  and  the  estimated 
cost  i»2(H>,0Ull  The  reservoir  in  the  San  Saba  Kiver.  as  proiwsed,  is 
to  Im?,  made  by  a  c<)ncrete  dam  where  the  Ixittom  and  sides  of  the  stream 
are  .solid  rock.  This  system  when  complete  is  to  have  a  series  of 
reservoirs  below  the  main  ditch.  The  stream  is  one  that  flows  the 
year  round,  as  well  as  Iwing  subject  to  great  floods.  The  drainage  area 
is  very  large.  The  scheme  jirovides  for  the  irrigsition  of  40,(kii)  acres, 
and  the  estimated  cost  is  !f()0(),(>00.  The  plan  provides  for  a  spillway 
with  a  capacity  of  4<K0iK)  cubic  feet  i>er  second.  Kach  of  these  syH- 
tems  has  a  tine  body  of  land  under  it.  Each  should  increase  the 
annual  yield  (if  products  fully  $.">m),(fi)0  when  fullj-  de\eloped. 

To  show  the  possibilities  for  whole  counties,  take  the  counties  of 
Shackelford  and  Haskel.  The  first  has  one  stream  with  liuo  square 
miles  of  drainage  area,  one  with  lUU  square  mile.N,  one  with  75  .scjuara 
miles,  one  with  40  s(juare  miles,  one  with  'iO  .square  mihw,  two  with  20 
square  miles  each,  two  with  15  square  milas  each,  and  four  with  5  to 
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10  square  mili>s  eiicli.  All  of  tlrcsf  wlirn  tlcvcloped  would  irrigate 
80, (100  iicroM  and  ought  to  give  an  (inuuiil  increase  in  value  of  farm 
products  of  over  Sl,000,(Ki0.  lla.skel  County  has  one  streani  with  a 
tlniinsige  area  of  3no  .square  miles,  two  with  100  square  miles  (■a<li,  one 
with  90  si|uarc  miles,  two  with  75  square  miles  each,  oi-  altogether  740 
s([uare  uiiles  of  drainage  area.  The  average  rainfall  is  nearly  24 
inches  in  this  locality.  If  l»  jier  cent  of  the  rainfall  goes  into  the 
streatjis  it  would  allow  the  storage  of  water  ample  to  irrigate  Sd.ouu 
acres  and  increase  the  annual  income  for  the  county  over  !ivl,0<Ki,00i). 
The  people  of  this  section  estimate  that  over  (>0  per  cent  of  the  rain- 
fall goes  into  the  streams  from  this  rolling  land.  The  lowest  estimate 
made  was  4<t  per  cent.  The  estimate  of  15  per  cent  is  considered  safe 
for  laud  quite  rolling  oi"  hilly.  For  level  or  sandy  laud  it  wftuld  he 
less.  With  this  hright  outlook  for  the  diHerent  localities,  and  their 
possihilities  under  iriigation,  it  seems  very  dilKciilt  to  interest  capital 
to  develop  them,  Theiv  are,  however,  thousands  of  |>laces  where 
small  chims  can  Ik?  place<l  in  ravines.  These  the  individual  farmer  can 
develop  during  thi-  months  of  fall  and  winter  when  other  work  is 
slack.  The  land  has  good  clay  sulisoil.  and  the  stockmen  have  abund- 
antly proven  with  their  earth  tanks  that  water  can  he  held  in  storage 
in  a  small  way.  Last  winter  one  man  living  lo  miles  from  Albany 
made  up  his  mind  thai  he  woukl  at  least  have  a  good  garden.  He 
said  he  had  been  raising  cattle  and  hor.ses  for  twenty-five  years  and 
starving  all  the  time,  meaning  that  he  had  no  vegetable.H.  He  put  in 
a  dam  in  a  small  ravine.  In  .luly  he  bad  as  litu'  a  garden  as  one  ever 
sees,  and  that  in  a  comnmuity  where  (he  drought  was  .«iO  .-ievere  that 
corn  had  not  reproduced  the  seed.  The  dam  was  about  15  feet  high 
in  the  low  part  of  the  nivine  and  12  feet  wide  on  top.  The  length  on 
t*>p  was  L'OO  feet:  iLe  outlet  |)ipe  was  through  the  Itottom.  To  get 
water  on  the  garden  it  was  nece.ssary  only  to  open  the  valve.  The 
area  draining  into  it  was  alxint  75  acres.  In  ordiiniry  years  it  will 
give  the  water  necessary  for  several  acres. 

Mr.  Harvey,  near  Butler,  put  in  two  small  dams  the  past  winter. 
When  the  reservoirs  are  full  of  water  the  two  will  cover  about  1.5 
acres,  probably  about  5  feet  deep.  He  had  irrigated  10  acres  up  to 
the  1st  of  Se])teuiber.  His  increase  in  cotton  would  about  pay  the 
whole  cost  the  lirst  year.  He  was  .so  well  pleased  that  he  was  [dan- 
ning  to  put  in  one  to  irrigate  SO  acres. 

There  are  two  reservoirs  near  Richmond — one  owned  by  Mr.  Hall  and 
one  by  Mr.  Wilcox.  These  are  larger.  One  of  them  cost  about 
Jl,5(X).     Full  particulars  were  not  oiitained. 

From  tfie  numennis  inquiries  in  this  line  the  indications  are  that 
irrigation  areiw  in  Texas  may  be  largely  increased  in  the  near  future 
by  the  making  of  small  reservoirs.     Every  acre  put  under  irrigation 
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Til  this  wa_v  will  produce  as  imich  as  4  or  5  atTcs  nut  irrijfuted  in  tlio 
drier  parts  i)f  tin*  State.  The  iiirreasc  in  valuation  of  land  umlt-r  irri- 
gation for  growing  farui  crops  i.s  rated  at  $25  to  ^U  per  aere.  Hence 
Irtlior  put  into  an  irrigutitm  system  practically  In-ings  dmiblp  retui-ns, 
Hi'st  in  the  sale  of  increased  crops,  and,  second,  in  the  selling  value  of 
the  land. 

POINTS  IN  BUILDINO  STORAGE  DAMS. 

The  excessive  ntinfall  coming  in  such  a  short  time  makes  it  impera- 
tive that  jirovision  he  made  for  largl^  volumes  of  waste  wutf  r  to  get 
away  without  overflowing  the  dams  and  washing  them  out.  The  top 
of  the  dams  should  lie  from  3  to  (i  feet  higher  than  the  bottom  of  the 
overflow  wastewuy,  and  the  wasteway  two  or  three  tiiues  as  wide  as 
the  stream  when  at  its  flush.  In  mo.st  soiln  the  slope  of  the  dam  on 
tlie  side  next  to  the  water  shoidd  he  not  steeper  than  2  feet  horizitntal 
to  1  foot  vertical:  on  the  other  ^idi^  not  stei'per  than  IJ-  to  1.  To 
prevent  washing,  some  dams  are  sodded  over  with  Bermuda  grass  and 
others  are  riprappecl.  In  many  pla<'es  ti  core  of  some  especially  good 
<-lay  is  put  into  the  miildle.  W'itli  a  small  dam  made  of  clay  this  would 
not  be  neeeswary.  The  surface  soil  on  the  ."^ite  of  the  dam  should  he 
removed  in  order  to  make  a  tight  joint  between  the  natural  earth 
and  the  eniliankment.  Surface  soil  slajuld  not  lie  put  on  the  side  of 
the  embankment  next  to  the  water. 

SIZE  OF  RESERVOIR. 

If  an  attempt  is  made  to  store  all  the  water  that  may  flow  the  res- 
ervoir should  have  capacity  lo  hold  75,(Hl(),t)0()  to  lOU.llOO.OOO  gallons 
of  water  for  each  square  mile  of  land  draining  into  it,  the  amount 
depending  largely  on  whether  the  drainage  area  is  (piite  I'olling,  rather 
flat,  or  sandy.     Very  little  water  would  come  otf  of  sandj'  land. 


^th( 


LAND  TO   BE   IKRIOATED, 

The  amount  of  ian<l  that  can  lie  irrigated  safely  in  ordinary  culti- 
,ted  crops  will  be  about  1  acre  for  each  50n,()()o  gallons  capacity  in 
"the  reservt)ir.  This  gives  fair  allowance  for  seepagi^  and  evaporation. 
This  would  give  four  irrigations  '.i  inches  deep.  The  amount  of  water 
required  to  cover  1  acre  1  inch  deep  is  about  27,0(10  gallons;  H  inches, 
81, <HH.)  gallons;  four  irrigations,  32-1, OOn  gallons.  .\s  is  fre(|uently  the 
case,  if  the  floods  come  in  May  orJune  and  the  water  is  used  in  .July  and 
August  the  alwve  allowance  for  seepage  and  evajwration  is  too  large. 
If  alfalfa  is  to  be  irrigated  the  allowance  should  be  increased  to  at 
least  7.">0,(HJ0  gallons  per  acre. 
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WINDMILL  POWER. 


The  State  of  Ti-xas  has  almost  every  piwsiMe  corifHtion  in  depth  of 
wells.  In  II  few  places  water  tun  be  had  at  lo  feet,  and  in  ditfereiit 
places  at  every  depth  down  to  iiK)  feet.  To  pump  fiom  these  {ri"eater 
depths  for  irrijjation,  with  any  thoutrht  of  enmjietinff  in  products  with 
other  localities,  is  out  of  the  i|iiestion.  Where,  liowover,  fresh  vege- 
tables are  i)roperly  appi'cciated  water  may  he  dravvti  from  consider- 
able depth  in  order  to  have  them.  The  depth  from  which  water  may 
be  drawn  and  produce  a  profit  depends  very  hugely  on  local  condi- 
tions. There  are  points  where  *rnrdeii  products  are  sold  at  three  to 
five  tiine.s  what  they  hrinj^  at  other  plueey.  There  are  many  places 
where  water  may  be  had  in  sufficient  (jimntity  at  depths  less  than  KM) 
feet,  where  irrigation  from  wells  would  be  very  dcsiraide.  It  is  the 
custom  where  wells  (jf  large  producing  capacity  are  found  to  do  the 
pumping  by  steam  or  gasoline  engine  power.  Where  the  supply  is 
nither  limitx>clthe  wiiidiriill  is  used.  To  use  the  windmill  su(;ce.ssfully 
storage  reservoirs  are  necessary.  The  two  or  three  months  of  irriga- 
tion occur  in  the  time  of  least  wind.  If  there  was  as  much  wind  dur- 
ing the  irrigating  months  as  in  the  others  even  tln-n  not  over  oiie-fourth 
of  the  year's  pumping  could  be  utilized.  As  it  is,  eei'taitdy  not  over 
one-sixth  is  used.  To  meet  this  difficulty  storage  is  resortfd  to.  The 
following  table  will  give  some  idea  of  the  water  that  may  be  jiiunped 
by  a  windmill,  the  size  of  earth  tank  or  reservoir  to  hold  it.  and  the 
number  of  acres  it  will  irrigate.  The  speed  is  a.ssumed  at  thirty  strokes 
per  minute: 

(/WJiitiUj  of  umtrr  pumped,  tize  of  tank  or  retervoir,  and  area  that  may  be  irrigated  by 

windotilU. 


Water  pur  Mrulu. 


I  plm.. 
1  qiiarl  . 

i  gull  on 
1  KKllnn 


p»»p««  'h"."i:.':r^' 


in-M 
tioum. 


5,400 
10,  MM 
-il,6l)0 
32,400 
43,'JOO 


by  piimp- 
Ine  onv- 
Iwtf  Ume. 
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The  horsepower  of  different  sizes  of  modern-geared  windmills,  rated 
in  a  wind  of  1.')  miles  per  hour,  is  as  follows: 

Horse- 
power. 

8ft»ot 0.35 

10-f.M>t «5 

12-foot 1.10 

14-foot I.e.") 

10-foot 2.50 
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While  these  fitjiires  reju'eseiit  the  horse jMiwer  of  mills  in  a  l.')-iiiile 
wind  it  is  rare  that  si  mill  i.s  j,'iveii  oven  one-tifth  of  that  amount  of 
work  to  do.  It  is  desirable  that  thev  shoukl  rini  in  tiffht  winds. 
(lenernlly  they  will  iieeomplish  more  in  that  way  than  if  arranged  to 
ptimp  IV  larjfe  cjuantity-  The  chief  point  of  interest,  however,  to  the 
irrigator  is  tliat  hy  the  storage  of  the  water  during  the  windy  part  of 
the  year,  when  usuully  no  irrigation  is  dnn<',  the  area  of  laud  that  enu 
Ik?  irrigated  is  inereased  several  times  over  what  can  he  seeiired  with- 
out storage.  This  calls  for  earth  tanks.  These  tankn  ff>r  dear  well 
water  retpiire  special  treatmeni  tt»  have  tiieni  hfild  water.  Flood 
water  running  into  a  tank  carries  witii  it  plenty  of  sediuuMit  that  has 
the  effeet  of  making  the  tanks  nearly  water-tight.  The  clear  water 
from  wells  in  most  places  seeps  away  quite  rapidly.  'JVi  nnike  them 
h<(!(l  the  liottouis  and  sides  are  well  tamped  when  wet  (lietter  wlien 
water  i.s  over  it).  This  should  \te  rejieated  every  year  or  two  in  many 
places.  Complaints  were  freipiently  met  of  reservoirs  having  In-Ui 
well  for  a  time  and  then  commencing  to  leak. 

The  large  amount  of  underground  water  within  a  nasonahlc  dis- 
tance of  (he  surface  makes  the  Stnketl  I'lains  a  place  where  windmdl 
powei'  f(jr  irrigation  has  ro(»m  for  large  dcvelopuu>nt.  The  winds 
probably  are  .stronger  and  njoi"e  con.stant  than  in  any  other  part  of  the 
State.  With  ample  tanks  to  hold  ihe  water  o\it  to  the  irrigatiTig 
sea,son  a  large  part  of  these  plains  can  be  irrigated. 

ALKALI. 

The  presence  of  alkali  in  some  lociililics  led  (on  ruimber  of  reijiiests 
for  aid  in  freeing  the  soil  from  its  injurious  eflVcts.  All  have 
obsen'ed  that  alkali  appears  on  tlie  .sui-face  in  dry  times  and  none  is 
seen  after  a  wet  pcritxi.  The  tirsl  rain  that  comes  dissolves  it  and 
takes  s<mie  of  it  down  into  the  soil  as  far  as  thi*  nmisture  goes.  More 
rain  takes  it  down  farther.  If  there  is  sulKcient  niin  and  a  subsoil 
that  will  let  it  down  the  rain  will  soon  carry  all  the  alkali  out  of  reach. 
Such,  however,  is  not  the  condition  in  l<j<-alities  where  irrigation  i.s  a 
necj'ssitv.  The  rains  cease  when  the  alkali  has  been  carried  down  only 
a  short  distance:  dry  weather  l»egins,  evaporation  from  the  surface 
gtH's  on.  and  in  a  short  lime  all  the  rainfall  is  evaponiteil.  The  water 
goes  into  the  air  and  leaves  all  the  alkali  on  or  near  the  surface.  This 
suggests  that  if  water  enough  is  ap{>tied  and  there  is  drainage  utuler- 
neath  to  let  it  down  the  alkali  can  soon  Ijc  taken  <Hrt.  llcnee,  in  prac- 
tice, tile  drains  are  put  in  alkali  soils  and  water  applied  sutiicient  to 
cause  the  water  to  run  through  the  tiles.  Alt  the  water  that  goes 
through  the  .soil  and  out  thnnigh  the  drains  takes  with  it  sonn-  alkali. 
It  is  necessary  to  keep  the  water  api>lied  only  until  enough  alkali  has 
been  washed  out  to  jH>rmit  a  good  growth  of  vegetation.     That  will 
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take  more  or  less  time,  according  to  the  amount  of  alkali  and  the  con- 
dition of  the  soil.  Some  alkali  soils  are  verj'  close  and  permit  only  a 
very  slow  movement  of  the  water,  and  considerable  time  will  be 
re(iuired  to  do  the  work.  Such  tenacious  soils  will  improve  in  con- 
dition when  the  alkali  is  taken  out.  These  conditions  determine  to 
some  extent  how  near  to  each  other  should  be  the  lines  of  tile.  Thirty- 
three  feet  is  as  far  apart  as  they  should.be  to  get  the  alkali  out  in  a 
reasonable  time.  They  should  be  at  least  3  feet  deep,  and  with  suffi- 
cient fall  to  allow  the  water  to  run  freely  in  them.  The  ordinary 
regulations  for  tile  drainage  are  all  applicable  for  alkali  drainage. 
The  same  process  applies  to  all  kinds  of  alkali  or  salt. 


rUMriXC.  PLANTS  IX  TRXAS 

By  C.  E.  Tait, 
Amjilant  in  Irtigatifm  nnii  Drninage  hiratigntionii. 

PLANT  OWNED  BY  W.  J.  ALDERSON,  NEAR  KATY,  TEX. 

The  equipment  of  this  plant  eonsists  of  a  25-horsepowor  t'nt.'ii>o.  11 
by  12  inch  cyliiKler,  ;i  porluhk'  lioilcr.  aiitl  -a  5-itK'h  vertirul  ct'iitiifupal 
pump  beltod  to  the  t'njriue.  The  pump  is  suhiiierged  14  feet  in  ii  0  l>y 
♦i  foot  pit  with  2-incli  cypress  nirhing.     Tlie  lift  at  starting  is  48  feet. 

The  well  lins  S.^'i-inch  casing  with  strainer  ntiule  of  jwrfoniteil  pipe 
wrapped  with  wire  tind  giiuze  (tig.  4S).     Eight  rows  of  1-inch  holes 
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wore  drilled  around  ihe  pipe  in  which  the  vortical  ilistaiice  l)etween 
holes  was  4  inche.s.  One-hiilf- round  stii^ks  were  then  placed  lK?tween 
the  vertical  rows  of  holes  and  secured  by  wrapping  with  No.  1:.'  gauge 
wire  with  a  pitch  of  0.5  inch.  Wire  gauze  is  placed  over  thi.s  and 
soldered .  Tlie  one-half-round  sticks  and  wire  wrapping  hold  the  screen 
at  a  slight  distance  fi'oni  the  surface  of  the  pi|K'  and  the  entire  area  of 
the  holes  is  available.  When  this  plant  was  visited  the  owner  wa.s 
placing  additional  length  of  strainer  at  the  top  of  the  first  strainer, 
aft.er  which  the  well  casing  was  to  he  withdrawn  enough  to  expose  the 
entire  .strainer.  This  was  done  becau.se  it  was  believed  that  the  upjier 
portion  of  the  water-Iiearing  stratum  would  ^xi  in  contact  with  the 
now  strainer  and  increase  the  sup])ly  to  the  well. 

The  fuel  u.sed  was  oil.     The  water  was  used  to  irrigate  lOO  acres  of 
rice. 
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I  PLANT  OWNED  BY  JOHN  COPE,  JR.,  NEAR  KATY,  TEX. 

Mr.  Cope  has  a  35-hiir.sepower  jxtrtahle  pngine;  a  5-inch  vertical 
contrifujral  pump  ticltwl  to  tho  cnj^inc  with  i|iiartt'T  turn  in  belt.  The 
purtip  is  in  si  pit,  suhtncrgerl  '2  feet.  Tho  lift  lit  stiirtirig  is  33  feet. 
Oil  is  used  for  fuel.  The  well  hnn  S. 25-inch  casing  with  75  foet  of 
.^trainer  like  that  u.scd  on  the  well  of  W.  J.  Alilerson,  just  dpscriJ)ed. 
At  first  only  35  feet  of  .strainer  was  used,  hut  in  order  to  inci'ease  the 
supply  of  water  40  feet  of  strainer  of  a  smaller  diameter  was  tele- 
scoped below  by  the  use  of  the  sand  bucket.  The  pit  i.s  6  by  6  feet, 
«'urlied  with  2-inch  cypress.     The  water  is  used  on  86.5  acres  of  rice. 

During  the  first  irrigation  of  the  season  about  5  acres  per  day  is 
covered.  The  water  in  the  well  is  drawn  below  pump  to  an  unknown 
depth.  It  usually  requires  over  a  week  for  it  to  regain  its  original 
level. 

PLANT  OWNED  BY  A.  E.  DOEN  AND  L.  E.  RECTOE,  NEAR  KATY,  TEX. 

This  plant  consists  of  a  center-crank  T5-horseix)wer  engine  with  two 

66-ineh  liand  wheels  running  at  170  revolutions  per  minute,  a  100- 
horsepower  stationary  return-fiue  boiler,  and  two  .>-ineh  vertical  cen- 
trifugal pumps.  Kacb  jmnip  is  connected  to  two  wells  in  the  .same  pit, 
one  of  the  wells  in  one  pit  lieing  2'H)  feet  deep  with  40  feet  of  strainer 
and  the  other  100  feet  deep  with  'd't  feet  of  strainer.  In  the  other  pit 
one  well  is  150  feet  deep  with  35  feet  of  .strainer  and  the  other  .SO  feet 
deep  with  15  feet  of  strainer.  The  engine  is  placed  between  the  two 
pumps,  and  belts  extend  in  opposite  directions  from  the  two  band 
wheels  on  the  engine  to  the  puni|>s.  The  di.stance  lietween  centers  is 
50  feet;  the  size  of  pulleys  on  the  pumps  12  inches.  One  pump  is  sub- 
merged 6  feet  and  the  lift  at  starting  is  50  feet.  The  owners  believe 
that  vpry  little  was  gained  by  sinking  two  wells  so  near  together  in 
the  same  pit.  If  the  two  pumps  are  used  alternately  the  water  in  one 
well  rises  while  the  other  one  is  beingdrawn  upon.  The  water  is  used 
on  170  acres  of  rice. 

The  strainer  used  consists  of  well  casing  having  o.5-ineh  holes  and 
wound  with  galvanized  iron  or  cojiper  wire  with  a  ])it<-h  suitable  to  the 
coarseness  of  the  sand  and  gravel  in  which  tlie  strainer  is  to  be  u.setl. 
The  wire  instead  of  being  round  is  of  a  special  form  so  that  the  spacein 
in  the  winding  are  smallest  at  the  outside,  and  any  particle  entering 
will  ejisily  pass  through  and  not  wedge  in  to  clog  the  slot  {fig.  4.S). 
The  water  enters  at  any  jjoint  and  travels  to  a  hole  in  the  casing, 
thereby  increasing  the  useftdness  of  the  strainer. 
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PLANT  OWKID   BY  J.  C.  REXEOAT   AHD  J.  H.  CHAPMAN,  NEAK 

BEOOKSHIRE,  TEX, 

This  plant  consists  of  a  45-horsei>ower  engine,  cylinder  10  hy  15;  a 
60-hor.seiX)wer  stationary  enjjino  burning  wood,  and  a  9,1  pitless  piinip 
with  60  feet  of  shafting  and  3  impLdltTs  in  water.  Tho  well  lias  lu-inch 
awing,  is  !>3  feet  deep,  and  has  3.5  feet  of  strainer.  Wlieii  the  well  was 
tir.st  used  the  sti-ainer  tilled  up  with  sand  to  a  <lepth  of  1^2  feet.  This 
was  removed  b\'  the  use  of  the  sand  bucket.  The  lift  at  starting  is  5.5 
feet.     The  estimated  discharge  is  H50  gallons  per  minute. 

The  pump  requires  no  pit  and  consists  of  a  head  supporting  a  shaft 
which  is  dropped  into  the  well  casing.  The  shaft  carries  iinjKdlors, 
similar  to  au  auger,  which  rotate  at  high  speed  in  smtdl  stationary 
cylinders.  These  cylinders  are  "lined  up"  with  the  shaft  and  not 
with  the  well  ca.'^ing. 

The  water  is  used  on  7tt  acres  of  rice.  In  1904  water  was  first 
applied  on  .July  ^6.  The  rice  was  at  this  time  alwut  18  inches  high 
but  very  thin  and  roidd  hardly  be  seen  for  weeds.  The  field  was 
raown  and  when  water  was  applied  the  weeds  were  killed,  leaving  a 
fair  stand  of  rice. 

PLANT  OWNED  BY  JOHN  GASNER,  NEAR  BROOKSHIRE,  TEX. 

Mr.  Gasner  has  a  54-hor.sepower  gas  engine  and  a  5-inch  vertical 
centrifugal  double-suction  pump.  The  lift  at  starting  is  52  feet.  The 
well  is  137  feet  deep,  and  has  10-incIi  casing  with  47  feet  of  strainer. 
The  pimip  was  placed  in  a  pit  (i  by  (>  feet,  curbed  with  2-inch  cypress. 
A  6-inch  pump  was  at  tirst  used,  hut  it  was  thought  that  the  54-horse- 
•  power  gas  engine  did  not  furnish  enougli  powei'  to  run  it  and  when 
the  plant  was  visited  the  owner  was  replacing  the  (J-inch  pump  by  a 
5-inch.  A  Si-horsejHiwer  traction  engine  had  l)een  used  in  sinking 
tile  well  and  this  engine  was  tried  with  the  fJinch  puni]).  The  owner 
believes  it  furnished  more  power  ihsiu  the  54- horsepower  gas  engine. 
When  using  oil  for  fuel  0.1  gallon  {>er  horsepower  hour  was  required, 
and  when  using  distillate  0.125  giillon  per  horsepower  hour  was 
re(juired. 

Mr.  fi&sner  expects  to  irrigate  210  acres  of  rice  and  had  made  two 
other  lO-inch  wells,  one  142  feet  deep  and  the  other  1.^2  feet  deep. 
Both  had  45  feet  of  perforated  pipe  without  any  wrapping. 

PLANT  OWNED  BY  W.  J.  METTLER,  NEAR  8TIL80N,  TEX. 

Mr.  Mettler  has  a  .secondhand  sawmill  engine,  with  12  hy  20  inch 
cylinder,  ninning  at  120  revolutions  per  minute,  72-inch  band  wheel ; 
a  se<.'ondhand  sawmill  stationary  lioiler  using  tiO  pounds  steam  pres- 
sure; and  a  yi-iuch  pitless  i>ump  with  10-inch  pulley  and  30  feet  of 
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shafting.  The  well  has  10-inch  ru.Hinjj  .iiiid  is  4'>0  fept  deep,  having  a 
strainer  of  in'rfuniti'd  pipo  wound  vvitli  wire.  Tbo  i-i>st  uf  the  well 
WHS  §1,4.S5,  or  ^3.30  per  foot.  The  cost  of  engine,  toiler,  pump,  and 
fittings  was  ^l.liX).  Total  cost  of  plant  was  1^2,585,  or  l?17.x3  per  acre. 
At  first  irrigsition  the  plant  waters  alunit  S  aeres  in  twenty-fuur  hours. 
The  lift  at  starting  is  12  feet.  The  estimated  discharge  is  35iJ  gallons 
per  minute.  When  this  plant  was  visiteil  the  engine  was  running  at  a 
varying  spee(i  on  aceount  of  the  improper  working  of  the  governor. 
Water  is  used  on  145  acres  of  rice. 

PLANT  OWNED  BY  M  B.  SAPP,  NEAR  STILSON,  TEX. 

Mr.  Sapp  has  an  IH-horsepower  gas  engine,  a  4-ini'h  vertical  centrif- 
ugal pump,  and  a  well  400  feet  deep,  with  strainer  of  perforated  i)ipe 
wrapped  with  wire.  The  lift  at  starting  is  15  feet,  the  estimated  dis- 
eh.irge  400  gallotis  per  minute. 

Mr.  Sapp  has  anollier  plant,  consisting  of  a  3.'»-horsepower  second- 
hand engine,  a  seeondhand  stationary  boiler,  and  a  t(-ineh  vertical 
centrifugal  pump.  Oil  is  used  for  fuel.  The  lift  at  starting  is  about 
15  feet,  the  estimated  discharge  TOO  gallons  per  minute. 
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PLANT   OWNED  BY  HILL-BROWN   RICE  LAND  AND  IRKIQATION 
COMPANY.  NEAR  STILSON,  TEX. 

This  plant  consists  of  a  ii5-horsejiower  gas  engine  and  a  C-inch  ver-  fl 
tieal  centrifugal  pump.  It  requires  1.75  barrels  of  ga.soline  [)er  day 
for  fuel.  The  lift  at  starting  is  l."-5  feet,  and  tiic  [mnip  is  submerged  7 
feet.  The  water,  together  with  that  from  niiother  jdant  belonging  to 
the  company,  is  used  on  2.J0  acres  of  rice.  The  engine  runs  at  2lO 
revolutions  per  minute,  and  when  visited  was  exploding  each  revolu- 
tion.    The  cost  of  the  plant  was  about  ^2,5oo. 

The  company  has  anothei'  plant,  cnusisting  of  a  35-horsepowerenginc, 
a  [inrtable  boiler,  and  a  0-inch  vertical  centrifugal  pump  with  double 
discharge.  The  well  has  10-inch  casing,  240  feet  deep.  The  estimated 
discharge  is  450  gallons  per  minute.  The  lift  at  starting  is  14  feet  and 
the  pump  is  submerged  20  feet. 

The  pump  is  a  variation  of  the  vertical  centrifugal  pump,  which  is 
placed  in  a  steel  pit  •"(*  itfehes  in  diameter.  An  luiger  is  placed  at  the 
buttuni  of  the  steel  pit,  and  liefore  thi>  pump  is  placed  in  it  the  pit  is 
lowered  into  the  ground  around  the  well  casing  by  the  jet  process  of  fl 
sinking  wells.  The  csising  is  then  cut  off  inside  and  the  pump  is  then 
lowered  to  the  bottom  of  (he  pit.  The  bearings  on  the  shaft  arc 
inclosed  in  and  held  by  a  4-inch  pipe.  The  j>ump  has  two  discharge 
outlets  on  opposite  sides  of  tho  center.  At  tirst  the  pit  was  utilized 
as  a  discharge  pipe,  but  it  was  found  that  some  wells  would  till  it  with 
sand  and  cover  the  pump.     Water  or  oil  is  put  iuto  the  4-inch  pipe 
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"itK'losinir  b(»iii-in<js  to  liiliricate  the  shaft.  Tlu^  pit  is  desiffiied  to  be 
u.st'cl  wliL'rt'  ijuirksaiid  prohibits  tht^  sinking  of  an  ordiuarv  pit  fur 
centrifugal  punipH. 

PLANT  OWNED  BY  D.  M.  CAFFELL,  NEAR  STOWELL,  TEX. 

Mr.  Caffell  ha.s  a  Iti-hor.sepower  traction  enjjine,  ateain  pres.sure  130 
poiind.s,  spei'd  2-20  revohition.s  j)er  miiuitt',  and  a  pitle.>i.s  pump  with  30 
feet  of  shaftitifj.  Tlic  fiand  \vhiH>l  on  enwino  is  i^l  inches  in  diamptcr 
and  is  belted  to  a  14-incli  pidloy  on  a  jack  shaft.  The  jat'k  shaft  car- 
ries a  3(}-infh  l)and  whool,  which  is  belted  to  a  10-inch  jndley  on  pump 
shaft.  If  th(>i't'  wiTi'  no  slip  in  the  bolts  this  arranpcincut  would  ifivc 
the  piirup  a  . spend  of  l,!(S(l  revolutions  per  iiuuute.  Eii,rht  liarrels  <)f 
oil  is  required  for  fuel  in  twenty-four  hourn.  The  water  is  used  on 
90  acres  of  rice.  The  well  is  3ln  feet  deep  and  at  times  irives  an 
artesian  flow.  The  estimated  <lischartfe  of  pump  is  ,")0n  <;tilloiis  per 
udnute.  The  pump  requir&f  no  pit,  and  is  similar  to  the  pump  belonjj- 
iiif.'  to  Mr.  Kexroat.  except  tliat  the  inipetlers  rotate  in  the  well  casing' 
instead  of  in  small  stationary  cylinders.  The  speed  must  be  very  hijjrii 
and  the  impellers  are  u.sually  badly  worn  by  the  well  casing,  wiiich  i.s 
sometimes  <'rookwl. 

PLANTS  OWNED   BY  TEXAS   LAND  AND  IHRIGATINO   COMPANY, 
NEAR  STOWELL,  TEX. 

Well  No.  3  l)elonginj^  lo  this  company  is  fitteil  with  an  8.25-in<d)  pil- 
le.sH  pump  aird  an  lS-horsept»wer  traction  engine,  which  runs  at  ■ino 
revolutions  pei'  minute.  The  band  wheel  on  the  engiiu>  is  4n  inches  in 
diameter,  the  indley  on  the  pum]i  .shaft  S  itu'hes  in  diameter.  The 
W(dl  is  .'i4t)  feet  deep,  and  has  lU  feet  of  strainer  made  nf  perforated 
l)ip(^  covered  with  woven-wire  gau/e.  This  well  gives  salt  wat^-r,  but 
when  used  with  tliat  from  other  wells  the  watt'r  does  not  damage  rice. 
The  estimated  discharge  is  250  gallons  per  ndnute,  A  vacuum  jjump 
was  tirsl  used  on  this  well,  but  it  wa.s  unsatisfactory. 

Well  No.  4  is  tilted  witli  a  [litless  i)um|>  and  is  210  feet  deep.  Well 
No,  .5  is  fitted  with  a  centiifugal  pumj)  and  is  180  feet  deep.  Hoth 
f>f  the.se  pumps  are  run  by  a  4."j-horse|K)wer  engine,  lu  by  Ki  inch 
cylinder,  with  a  speed  of  150  revolutions  per  miimte.  The  band 
wheel  on  engine  is  4.S-inclu  and  the  ])ullev  on  the  [»unip  S-inch.  The 
estimated  discharge  of  well  No.  5  is  '20(1  gjillons  jwr  minute.  Tin'  cen- 
trifugal putnp  has  not  been  satisfactory  and  will  be  replaced. 

Well  No.  I  is  litted  with  a  <>-ineh  vertical  centrifugal  pump.  ^Vell 
No.  2  is  fitted  with  a  pitless  pmnp.  Both  of  these  pumps  are  run  by 
a  4(i-hor.sep<jwer  engine,  lo  by  14  inch,  sjwed  200  i-evolutions  f)er 
minut*'.  The  band  wheel  on  (-ngine  is  4i)-inch,  the  pulley  on  the  ]inmp, 
8-iucb.     Steam  for  both  engines  is  supplied  by  two  poftjible  lioilei-s. 
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Steam  for  the  engine  is  piped  a  distajice  of  3H0  feet.  The  pipe  is  iaid 
on  the  surface  of  the  ground,  is  wrapped  with  tar  puper,  and  the 
whole  boxed.  It  is  found  that  this  gives  a  greHt  loss.  The  two  boilers 
require  30  ImrreLs  of  oil  per  twt'nty-four  hourts. 

The  five  wells  of  the  coni|)any  supply  wiiter  for  the  irrigation  of  540 
aeres  of  rice.  All  of  the  wells  are  flowing  at  certain  .sea.sons  of  the 
year,  but  after  pumping  has  continued  for  a  time  the  water  level  in 
the  wells  is  di-awu  about  "M  feet  bt'low  the  surface. 

PRICES. 

A  pit  for  a  centrifugal  pump  itiude  iK-ur  Katy.  Te.x.,  is  claimed  to 
have  cost  $3,lM)0  on  account  of  the  troul)le  given  by  (piicksaud.  The 
pit  was  begun  in  190;^,  but  vtaf>  not  completed  until  l'.*04. 

A  pit  for  a  vertiad  centrifugiil  pump  was  made  near  .Stii.son.  Tex., 
which  cost  ^5(Mi.  It  was  the  intenlioii  to  make  the  pit  'II  feetdeep,  but 
quicksand  was  encountered  and  the  work  was  given  up  when  it  was 
lowered  to  ii  depth  of  2b  feet. 

The  price  chai'ged  for  sinking  H-inch  wells  at  Katy,  Tex.,  is  $4  per 
foot,  with  pipe  and  strainer  furnished  by  the  well  diiller.  When  two 
wells  are  nuide  at  the  same  place,  the  price  is  reduced  to  $3.75  per  f4)ot. 

The  price  charged  for  sinking  wells  and  furnishing  the  casing  and 
strainer  at  Stilson,  Tex.,  is  $3  per  foot.  It  wa.-*  not  learned  whether 
the  amount  of  strainer  is  limited  in  these  or  not. 

i\Ir.  VV.  H.  Wejier,  near  Itrookshire.  Tex.,  has  had  six  wells  made 
on  his  farm,  but  none  furnished  enough  water  to  make  pumping  worth 
tile  while.  Pumping  phints  are  o|ierating  suci^es-sfidlj'  on  all  sides  of 
his  farm.  The  first  well  was  made  by  a  well  driller  who  guaranteed 
to  make  a  well  that  would  supply  tioo  gallons  per  niiuute,  for  which 
he  was  to  receive  SBUi)  and  Si  for  each  additional  gjdloii  per  minute. 
A  second  well  driller  made  Jive  wells  under  the  same  agreement,  with 
no  better  results.  The  liest  of  the  six  wells  furnished  only  about  ItK) 
gsillons  per  minute. 

Four-inch  vertical  centrifugal  pumps  sell  for  $68  to  ^SO  in  Houston. 
Pitless  pumps  with  '20  feet  of  shafting  cost  $250  for  S.25-inch  welts 
and  ^275  for  l*^-inch  wells.  Each  additional  10  feet  of  shafting  costs 
1(>25  for  8.25-inch  wells  and  $27. 5U  for  OS-inch  wells. 

Six-inch  pumps  with  steel  pits  and  all  fittings  cost  $378  in  Houston, 
Tex.,  the  pump  ulone  costing  $12.5. 

The  strainer  when  wound  with  iron  wire  costs  $4  per  foot  for  the 
J)|-inch  size  and  $2.7U  per  foot  for  the  O-iuch  size.  When  copper  wire 
is  used  $1.50  per  foot  is  added. 


^^1                IRRir.ATIOX  IX  SOUTH HRX  THXAS.             ^^H 

Bv 

Ai-c.  J.  Bowie,  Jr.,                                                    ^^^^H 

^^^^^^H                      Ai/mt  titiil  Kriiirl,  [rrigniion  and  Ihninage  Invtidiijntion*.                          ^^^^H 

^^^P                           BISTRICT 

INCLUDED  IN  REPORT.                              ^^| 

^B        The  district  of  Te 

sas  included  in  this  report  lies  south  of  the  line       ■ 

^^      till'  utrh   Del  Kio,  Sun  Antonio,  and  Port  Liivaca,  with  the  aildition,        ^^ 

liov.evLT,  of  the  iipuer  Xuwcs  and  Frio  Kivcr  valievs.     rnlesj.s  .stated        H 

Xa>  the  eontrai'v,  Htatement.s  aic  intended   to  applv    to   that   district        ■ 

alone.     (PI.  V.) 

^^H 

L 

BAmFAIL  IN  TEXAS.                                           ^^^ 

^V        The  followintr  Uihl 

e  in  tak 

en  from  the  Monthly  Weather  Review  for        H 

F           April,  1!K>2,  and  con 

prises 

all  avuilalile  and  reliable  data  the  Weather         V 

1            Bureau  had  pei-tainiii}^  to  rainfall  in  Texa.s:                                               ^^^^B 

L 

Ilaifi/ail  in  Texat.                                                         ^^^H 

LntltDde. 

LonRi- 
tude. 

Elevation 

ubove  Mca 

level. 

BeconL 

Average           ^M 
annual             ^H 
precipl-            ■ 
tstlon.             H 

rrom— 

To- 

Yeats 
Inclu- 
rive. 

Aiaiciie 

O          ' 

82    23 
36    IS 

10  16 

SO  oa 

80    U 

28  39 
27    49 

29  03 
82    56 

11  47 
26    60 

29  17 
31    66 

80  40 
87    29 
a«    27 
10    60 
n   43 

30  20 
29    18 
29    48 
33    .W 

81  46 
29    27 
U    36 

12  67 

o         f 

99    40 
101    60 

97  43 

96  02 

98  01 
100    30 

97  26 
97    09 
96    38 

106    80 

1,738 

S,II7fl 
660 
360 

1,396 

800 

18 

177 

466 

3  7fi2 

1886 
1892 
18V 
1886 
1889 
1849 
1846 
1888 
1889 
18V) 
WW 
1862 
1872 
I8->6 
1849 
1849 
1869 
IMS 
18T7 
18A8 
18X2 
lim 
1882 
1849 
1867 
1882 

laoi 

1901 
1901 
1901 
19O0 
1901 
1901 
1901 
1901 
1901 
1901 
1901 
1889 
1891 
1900 

16 
10 
17 
12 

/ncAn.               ■ 
24.22             ■ 
21.65             ■ 
33.61            ■ 
38.80              ■ 

Brt'nliam,,.... ,.....*... 

Biimi't 

•            28.63             ■ 

28  •       23.  on          ■ 

KttKle  rum 

14 

10 

,1 

28 
28 
16 
20 

11 

21..  28               ■ 
33.76              ■ 
33.22            ■ 
8.84             ■ 
26.62             ■ 
21.87             ■ 
23.70             ■ 
1.*.  10             ^ 
19.05 
19.80 
16.10 
»4.;P2 
28.32 
4ft.  13 
45. 211 

16. ;« 

11.11          _ 

28.41              ^ 
34.80             ■ 
30.80            M 

DiiIUh 

El  I'(i>-i 

Kurt  Bmwn 

97  67                  67 
100    26             1.050 

100  17              l,9.'il) 
104    07              4.700 

99    31  i               4«0 

98  47  '              230 
102    36               4,U&2 

«    16                   67U 
98    46                1,742 
94    60                   64 
96     19                     63 

101  01     

96    40                   610 
98    28                  701 

Korl  Clurk 

Korl  Mclnt(*^h    .............. 

Fort  RiUKK<'l*l 

1901                 ■.V< 
18-J9                 14 

Fnrt  Worth 

1901 
1901 
1901 
1901 
1901 
1901 
1901 
1901 
1901 

8 
17 
» 
12 
U 
19 
31 
14 

8 

Galvcyion 

Houotnii             -.....---- 

MdUhi  Rlunco 

I*nl*^(im« 

Siin  Antiiiiiu 

WiH-n 

97    08 
97    67 

424 
864 

The  niontldv  di.stri 

biition 

of  precipitation  at  C'orpu.s  Christ)  1>etween        H 

the  years  IMST  and  1 

904,  ul 

so  a  .siiinmarv  of  the  hii,'hest.  lowest,  and        H 

Diean  temperatures  i 

iirin}^ 

this  lime,  us  ijrepared  by  .Joseph  L.  Cline,         H 

observer  of  the  Unit 

ed  Stat 

es  Weather  Bureau,  are  jfiven  in  the  table        H 

following. 

m 

J 
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MuiUlUy  and  iinun'il  pncipitution. 


Y««r. 

Jan. 

F«b. 

Mar. 

Apr. 

/«. 

Truce. 

1.46 

1.06 

\.st\ 

2.14 

.26 

.42 

5.10 

2.41 

t.no 

.S3 

2.41 

3.U4 

2.07 

.4,') 

.41 

.81 

M»y. 

June. 

July. 

Aug. 

Sept 

Oct. 

Sot. 

Dec. 

• 

An- 
nual. 

1887 

In. 

In. 
O.IT 

III. 
1.61 

/ft. 
1.26 

8.7-2 
4.21 
2.40 
.38 
1.95 
3.22 
1.63 
5.57 
l.»l 
2.28 
1.83 
1.16 
2.74 
1.39 
8.06 
2.25 

3.  Ml 
.t46 
X96 
3.22 
1.68 
.62 
1,27 
1.23 
3.IK) 
2.19 
1.81 
2.44 
4.07 

KOO 
1.44 
6.48 

In. 

0.10 

2.25 

.60 

.99 

1.57 

1.15 

.49 

4.87 

.00 

2.38 

.DO 

.43 

.43 

5.85 

1.30 

.49 

6.87 

In. 

2.84 

2.16 

3.00 

1.81 

6.31 

2.78 

.06 
7.65 
1.17 

..M 

3.24 

Trace. 

.00 

5.48 

2.M 

Trace. 

1.84 

In. 
9.24 
7.25 
12.09 
1.07 
4.65 
2.W 
1.14 
3.00 
1.68 
4. 39 

.98 
2.33 
2.48 
2.13 
7.15 
3.63 

.89 

fti. 
2.99 
2.91 

.41' 
2.47 

.12 
1.S3 

.25 

.14 
1.08 
4.12 
3.79 

.51 
7.;h 

2.01 

.42 

1.93 

1.74 

In. 
0.66 
8.61 
3.91 

.87 
2.53 
5.66 
1.28 

.01 
4.14 

.30 

.11 
3.61 
2.H4 

.a> 

.66 

3.91 

.56 

In. 

6.07 

.92 

.14 

1.80 

.91 

1.70 

.07 

.64 

.M 

.73 

1.08 

1.33 

1.87 

2.16 

.4.5 

2.84 

.79 

in. 

1888 

1889 

1.91 
5.47 
3.84 
2.85 
1.14 
5.91 
1.59 

.31 
2.11 
2.67 

.69 
2.86 
2.42 

.75 
2.14 
1.1« 

.20 

3.50     2.99 
3.61      8.24 
2.(j1      1.67 

.31   i  2.18 
1.U9      1.10 
ft  27        .12 
l.-W        .66 
3.4»      1.48 
2.20  1     .62 

.06      1.61 
1.00     2.74 
1.08  ,     .29 
1.10  ■  2.32 
1.83  1     .07 
2.07       .18 

48. 1« 

41.27 

IggO 

23.01 

1891 

U»i 

I8tS 

im 

ia» 

1)1(6 ... 

20.61 
20.60 
28.11 
25.72 
23.41 

^an 

I8H 

18.86 
19.33 

1899 

26.96 

1900 

1901 

noz 

29.30 
17.50 
21.69 

110» 

1901 

5.81 
1.37 

7.69 

36.92 

Avencca. 

2.22 

2.11  1  1.80 

1.52 

2.70 

2.130 

1.75 

2.44 

3.98 

1.97 

2.31 

1.33 

26.68 

Stimmary  of  temptrature  at  Oor/^u  Chriuli,  Trx.,  1887-1904. 


Temperature. 


Menii 

Hlfrhvst  . 
LowoU .. 


Jan. 


T. 

84 
IB 


Feb. 


"F. 

58.1 


11 


Mar. 


63.9 

96 


Apr.   Hay.  Jnne.  July.  Ang.  <  Sept.   Oct.    Nor. 


'F. 

70.  S 

92 

44 


"F. 
7.5.8 
96 
4i 


°F. 
80.1 
97 


°F.  "F   '  °F. 

81.9  81.9    79.1 

98       I  98         97 

68  65        M 


F.  'F 

T2.9  M.l 

91  89 

42  3U 


Dec. 


'F. 
S7.9 
86 
20 


An- 
nual. 


"P. 
70.2 
98 
U 


Similar  diitn  for  Rrownsvillf"  hpfwpeii  thi-  years  lS5(t  and  \^Vl  are 
jfiven  ill  the  following  tiibii': 

Rairi/iill  at  BrownirilU  (  Fort  Brown),  Tex. 


Year. 

Jan. 

Feb. 

Mar. 

Apr.   May. 

June. 

July. 

An«.  1  Sept. 

Oct. 

In. 
.5.79 
4.10 
4.95 
7.75 
.5.79 
5.77 
5.76 
4.65 
2.76 
.57 
1.2  J 
1.00 
8.50 
3.61 
2.81 
.48 
,5<l 
.22 
3.33 
.86 
4.70 
3.82 
8.72 
3.19 
1.05 
15.71 
8  57 

Nov, 

Dec. 

An- 
nual. 

1850 

In. 

4.80 
.95 
..W 
.00 
.45 

3.47 

3.18 
.10 

1.50 

In. 

3.80 

1.20 

.«0 

I.IKI 

1.50 

4.8:i. 

1.80 

.85 

.86 

lu. 

2.30 
.40 
.85 
.00 
1.15 
3.'03 
1.50 
2.30 
.07 

In.  1    In. 
0.06  i  2.20 
1. 15       .  Wl 

.00     4.05 
2.20       .10 

In. 
0.06 
2.35 
5.05 
1.70 
7.W 
10.47 
3.25 

..50 
5.15 

.00 

In. 
1.16 

3.65 

.70 

.00 

4.25 

7..'* 

1.90 

3.25 

.70 

.19 

In.      In. 
0.01     0.25 
1.80     5.60 
3. 90     8. 50 
3,10     8.00 
5.00    11.31 
9.52     9.44 
.58     3.25 
.65     4  64 

2.45  1  .5.77 
8.00     9.07 

2.46  10.  .V) 
.10     2.  .53 

1.40     2.80 

4.19     4..V! 

1.98    15.86 

.30    10.96 

In. 

0.69 

3.  CO 

.90 

1.30 

7.47 

3.85 

1.45 

,55 

.4.5 

.15 

.10 

.70 

1.T7 

l.CU 

1.71 

4.76 

2.35 

2.43 

1.21 

1.76 

.14 

3.44 

3.74 

3.28 

3.32 

3.46 

.20 

.48 

1.70 

4.99 

1.44 

1.32 

In. 

0.15 

4.70 

.00 

.65 

1.88 

.92 

.55 

2.55 

3.87 

2.23 

In. 

•jo.n 

18M 

i8isa 

1888 

29.  ao 

29.90 
26.40 

ISM 

I8» 

U56 

1857 

18m           .11. 

.06 
.00 
.88 
1.15 
.00 

4.1U 
l.»2 
2.05 

.00 
1.00 

.05 

60wOO 
00.80 

26.14 
20.70 
24.36 

ISgO 

urn 

1870 

1.60 
.90 
.05 
.00 

.86 

.66 

.10 

1.27 

3.67 

].(« 

3.X7 

•2.73 

2.95 

1.22 

1.10 

8.87 

1.81 

.22 

1.98 

2.7.' 

.69 

l.ltf. 

.00 

.0(1 

.00 

.16 

1.48 

3.72 

1. 08 

7.99 

.63 

1.03 

1.06 

1.18 

1.24 

1. 01 

Trace. 

2.52 

2.83 

.(» 

1.09 

a.  27 
1.23 

.78 

1.90 

1.02 

.98 

.51 

4.15 

.33 

.68 

.20 

8.54 

.63 

.07 

1.54 

1.15 

2.87 

2.31 

3.61 

.14 

1.70 

.90 

.10 

.82 

.69 

.30 

.05 

.00 

.14 

1.25 

1.57 

.01 

.30 

1.63 

.38 

.57 

.67 

.17 

.07 

4.79 

2.119 

.5.48 

2.38 

.00 

3.40 

.27 

.96 

1.S4 

1.45 

4.a« 

1.U8 
2.IM 

.115 
1.56 
3.43 
7.(»7 

.83 
5.86 
7.17 
6.57 
3.M 
1.77 
1.26 
3.33 

.29 

1.00 

.78 
1.78 

.43 
X.flO 

.16 
1.26 

.95 

.74 
2.65 
1.03 
Trai'C. 
1.69 
5.66 
2.74 

.M 
7.78 
13.80 
2.95 
4. 43 
2.82 

.00 

.75 

.40 
1.92 
1. 10 
2.81 

.10 
2.10 

.90 
6.58 
1.59 
3.64 
1.49 

.70 
4.  IK 

.23 

.22 
4.88 

.33 
1.3(1 

.50 
3.97 
3.00 

.30 

.05 

1.92 

2.10 

.16 

.10 

3.51 

6.32 

1.34 

.62 

.58 

1.92 

2.38 

2.69 

1.3:1 

1.20 

,69 

4. 89 

.93 

.02 

.88 

8  88 

1871 

1872 

1878 

1874 

20.40 
22.42 
27.66 
28.85 

J875 

2.25 

.97 

1.62 

7.20 

9.48 

16.  .58 

3.01 

2.21 

1.97 

.88 

2.06 

3.08 

1.45 

.06 

4.20 

5.21 
11.64 
1.90 
5.02 
2, 68 
7.74 
8,96 
3.65 

17.36 

1876 

1877 

1878 

1879 

26.81 
26.86 
8(1.35 
34.73 

1880 

1881 

1882 

jggS 

88.07 
31.74 
32.56 
31,02 
40  91 

U84 

1885 

81.83 

1886 

1887 

1888 

30.77       .66 
15.66   16.27 
7  17     t>  m 

60,06 
69.87 
32.  SB 

1886 

ingo 

7.03     7.44  <     .20 

1,51       1.51       X  67 

84.61 
26  65 

1891 

2.47 



Main 

1.59 

1.61 

1.32 

.98 

2.42 

2.91  1  2.04 

8.86 

7.30 

4.36 

2.06 

1.6* 

81.  sa 

IRKKJATION     IN    StJlITHKRN    TKXAS. 


849 


* 


Fij«'nre  44  (]■>.  3I!>)  is  u  iimp  of  Texas  sbowiiiij  tlu-  ircinTul  distrilmtiim 
oi  tilt!  rainfiill  and  ;jivitiif  iiioaii  iiv<M'iit,rfi  viilues  of  the  suiiu'  iuv  tbc 
different  districts  into  which  the  Jstati;  is  divided.  The  rainfall  is 
heaviest  in  the  ronstjil  couulry,  particiiliirly  toward  the  ritsteni  piiil 
of  the  State,  whereas  in  the  western  jmrt  it  is  eonipunilively  light. 
At  Galveston  the  avemj;e  rainfall  is  alxjut  48  incho.s  per  year,  while 
at  Kl  Paso  it  is  less  than  !•  inches. 

From  an  irrifjiUioji  staml point  the  State  may  be  divided  into  three 
partj:  {l)the  eastern  part  where  there  is  ample  rainfall  for  erop.s 
without  any  necessity  for  irriffjition:  ("J)  a  larj^e  portion  of  the  central 
and  sontheni  parts  whicli  may  he  i-aMed  seniiarid,  where  irriiration  is 
a  decided  aid  thonfjh  not  a  neees-sity,  and  (3)  the  western  or  ariil  por- 
tion where  irrijjfation  heeomes  ahno.st  neci'ssiiry. 

As  will  be  seen  from  tin-  tallies  the  niinfall  is  very  uncertain  in  it« 
distribution.  AltIioiij|;h  in  many  places  the  annual  rainfall  is  suffi- 
ciently j;;reat  for  the  needs  of  the  land,  still,  owinij  to  this  uncertainty, 
irrigation  liecomes  t>f  great  ad\ant*xge.  Besides  increasing  the  value 
of  crop.s  even  in  goml  years,  the  insurance  against  failure  of  a  crop  i.s 
a  matter  of  the  highest  importance  and  any  ad<litiunal  outlay  ff»r  irri- 
gation i-^  usually  considered  a>  tiuniev  spent  to  gomi  advantage.  The 
results  from  the  Beeville  Experiu>ent  Station  show  most  strikingly 
the  advantages  whicli  are  to  he  derived  from  suitable  irrigation  of 
land  in  conipai'ison  with  laud  relying  upon  the  rainfall.  They  show 
also  the  comparatively  small  additional  cost  for  irrigation  and  greatly 
increased  returns.  (See  ])p.  404— KM!.)  While  irrigation  was  practiced 
for  many  years  by  the  Spaniaixis  in  Texas,  still  it  is  oidy  within  the 
last  few  years  that  capital  has  been  invented  in  enterprises  of  this 
nature. 

USES  OF  LAND  AND  ACBEAOE. 

For  a  number  of  years  Texas  has  been  essentially  a  cattle  country, 
and  as  it  is  now  the  cattle  business  may  be  regarded  as  the  most 
important  in  the  State,  ("attle  men  Hgnre  that  it  tiikes  I'l  to  1.5— usu- 
ally 15 — acres  of  land  per  head  of  cattle  with  wild  feed.  On  such  a 
Imsis  it  is  apparent  that  when  land  becomes  of  value  some  more  protit- 
ttble  use  must  be  made  of  it  than  raising  cattle.  Some  of  the  more 
progressive  of  the  cattle  men  have  already  realized  the  possihilities  tif 
irrigation  and  have  invested  considerable  mciney  in  such  work. 
Among  the  majority  of  thetn,  however,  there  is  a  strong  tendency  to 
be  backward  in  this  respect  and  a  dithdence  about  entering  a  tield  with 
which  thoy  are  not  familiar. 

As  an  industry,  cotton  growing  is  second  in  importance  t<i  cattle 
raising.  Enormous  acreages  are  devoted  to  it.  Being  what  is  u.su- 
ally  considered  a  dry-weather  crop,  retpiiring  little  moisture,  it  has 
been  growu  successfullj'  for  a  number  of  yeara  in  many  parts  of  the 
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country.  The  nivagps  of  tlu'  Uoll  ww^vil  in  the  past  year,  however" 
havf  clone  tiliuo.st  incalciiluttk'  Luriii  to  the  cotton  orop  and  this  pest  is 
rapidly  spnnidinjjf  over  the  whole  State.  The  nccestiity  of  findings 
»onw  more    rt'muni'nitive  use  for  the  land   is   iti   consequence  jiist 

^^         beginning  to  lie  f'e]t. 

^^fe  The  following  is  an  estimate  made  by  a  eotton  grower  of  the  cost  of 

^^        growing  cotton  per  acre: 

^^-  Kent $4.(K) 

^B  Plowing 1.00 

^^^^B  Planting 50 

^^^^^H  Four  cultivations 8.00 

^^^^^1  Two  hoeings 1.  25 

h 


9.75 

For  hind  yielding  one-thinl  of  a  bale  to  the  acre,  the  following  addi- 
tional c-hai'gps  slurnld  be  made  per  acre: 

tiathering 13.33 

Ciiiinin); 83 

LoBB  in  wrapping 45 


Total 4.61 

CoBt  per  acre 14. 3« 

Cfst  per  bale  «if  500  pouniis 43. 08 

One  thon>ahd  jiaunds  of  seed  jier  bale  obtained  fruin  the  gin  brings 
^5  to  ^S.  At  this  latc  of  yield  of  one-third  of  a  bale  (M^r  ai-re  cotton, 
.selling  at  <f4i'  per  bale,  would  hardly  pay  exjK'n.scs.  Obviously  the 
greater  |>iirt  of  the  expenses  shown  here  is  independent  of  the  yield. 
Ill  order  to  obtain  the  best  i-esults  and  make  a  coniniereial  siicces.s, 
larger  yields  must  be  obtiiined.  The  impurtaneo  and  benelieiul  results 
of  irrigiition  are  at  once  api>arent  in  attaining  this  end. 

The  following  is  an  estimate  of  the  cost  per  aero  of  fanning  unirri- 
gated  corn  land: 

Plowing $1.0t) 

Rent 4.00 

Planting .  .50 

Three  cultivations 2.  25 


Tc  .1  al 7.  75 

In  order  to  iai.se  crops  which  are  a  tiuanciul  success,  irrigati<jn  in 
the  greater  part  of  the  Stute  may  he  said  to  lie  almost  a  necessity.  Of 
the  lands  in  smaller  holdings  which  are  irrigaterl  at  presi'iit,  the  greater 
part  are  devoted  to  truck  raising,  .\lfalfa  has  been  raised  to  only  a 
very  limited  extent,  and  will  bring  on  an  avemge  about  $15  a  ton. 
Corn  is  quite  extensively  grown,  and  genei-ally  without  irrigation. 
The  yield  of  corn  is  not  at  all  what  might  be  expected,  and  more  care- 
ful farming  and  proper  irrigation  should  make  a  great  increas2  in  the 
output.     Sorghum  is  another  crop  raiaed  extensively;   ribljon  cane. 
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h<»w«>ver,  is  jrniwti  to  a  nithiT  liniitwl  extent,  .lulmsoii  j^niss  i.s  mised 
in  iimny  places  for  huy.  It  causes  a  great  deal  uf  trmiblo  tiiruugliout 
the  country,  being  most  difficult  to  keep  out  of  the  fields. 

From  a  tiiiaiieial  standpoint  reinurkalile  returns  have  been  made 
from  growing  Bernuuhi  tmions,  wliich  is  a  i-omparativeiy  new  industry 
in  Texas.  The  yie!d.s  due  to  intensive  farming  have  been  exceedingly 
large,  an<l  the  profits  have  seldoin  been  eipmled  in  farming.  On  one 
-K)-aere  patch  ^'iT.iHM)  was  realized  for  a  year's  crop;  oti  another  IHaere 
patch,  Ijirt.OiMt.  It  must  not,  however,  lie  assumed  that  these  figures 
represent  average  c<»nditions  or  that  such  enormous  profits  can  con- 
tinue. Onions  are  rather  an  expeusivt'  crop  to  grow;  still,  owing  to 
the  success  of  the  last  year  much  new  capitsd  is  being  invested  in  this 
industry. 

I^and  has  increased  in  value  at  a  remarkable  rate  in  many  parts  of 
Texas,  soleh'  owing  to  the  Iwnefits  and  |)ossibilities  of  irrigation. 
Land  which  a  few  years  ago  ciaild  be  bought  for  almost  nothing  is 
to-day  selling  at  i!<l,'»  to  !?2tt  an  acre.  This  is  the  condition  at  present 
existing  ahing  the  lower  Hio  (Iratidc.  The  opening  up  of  that  section 
of  country  by  ii-rigation  has  led  to  two  lines  of  railroad  being  huih  - 
one  which  runs  from  Kobstovvn  to  Hrowiisvillc,  llio  uulcs,  and  the  other, 
the  "Sap,"  has  already  been  built  from  Alice  to  Falfurrias,  a  distance 
<»f  some  4i)  miles,  with  the  intention  of  continuing  (o  Brownsville, 
although  work  on  the  same  has  been  temporarily  suspended.  Prop- 
erty on  the  Mexican  side  of  the  Rio  (Ininde  has  al.so  advanced  very 
matcriaily,  'urd  in  ail  proltability  a  line  of  railroad  will  sof^n  connect 
Matamoras  with  Monterey.  Brownsville,  a  city  of  some  (>,(KU>  itdiab- 
itants,  which  has  hitherto  been  pi-suitieally  cut  off  from  communication 
with  the  outside  world,  being  tinrty-six  hours'  stage  ride  to  the  near- 
est railroa<l  stati<ai.  is  now  in  a  strife  of  boon).  Tlie  effects  of  irriga- 
tion heie  have  been  far  reaching,  and  by  no  means  has  growth  in 
values  been  confined  to  land  alone. 
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GENEHAL  TOPOGRAPHY. 

South  and  southeast  of  the  Southern  Pacific  Railroad,  between 
Del  Kio  an<l  San  .\utoiiio,  most  of  the  laiul  is  of  a  gently  rolling 
character,  flattening  out  as  the  coast  is  approached.  <.S'e  nnip,  PL 
V.)  AVithin  20  to  50  miles  of  the  (Julf  coast  the  land  is  generally 
level,  and  henw  is  most  suitable  for  iri'igation  tm  a  large  scide. 
Mesquite,  which  is  the  principal  wood  in  this  s<H'tiou,  is  found  in 
almost  every  part  of  the  country.  It  is  principally  used  for  find 
owing  to  the  small  size  and  crooUed  shape  of  tlie  trees. 

The  country  north  of  (he  .Southern  Pacific,  near  Uvalde,  gradually 
rises  to  the  mountaiTis  which  start  in  the  southern  part  of  ITvalde 
County.     The    valleys   of   the    Uio   Gramle   and    of   the    (luiuhiluix' 
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River,  iK'ur  tlic  ciiast,  Hrt'  tla'  lai-jrcsl  irripiili»ni  fiekls  at  presont  de- 
veluped.  FiiflluT  iiiliuul  the  valley^  grow  iiurrow  uiid  the  irrigable 
territory  lies  in  smaller  ureas. 

SOIL.  J 

It  is  not  uncommon  to  find  almost  every  known  class  of  soil  within 
a  very  small  area.  Theiv  is.  however,  un  niivistially  large  ])ereent- 
age  of  rich  hlack  soil  througiioiit  tJie  eoiiiitry,  particidarly  wjiere 
it  has  U'cii  I'lHJclieil  for  yciirs  liy  leaf-loam.  In  the  valley  of  the 
IJio  (iramle  the  soil  is  hu'gcjy  alluvial,  comj)osed  <if  dejMisits  formed 
liy  tlie  river,  which  has  evidently  I'hanged  its  chatiiiel  many  times. 
The  large  irrigation  field  of  this  river  extends  from  ahoiit  75  miles 
upstream  down  nearly  to  tile  coast.  The  land  near  the  eoast  is 
strtmgly  alkaline,  allJioiigh  it  loses  this  quality  to  a  consid(>ral)le 
e.vtent  farther  upstream.  Some  degree  of  apprehension  has  been  felt 
over  the  possiltle  elfect  this  migjit  have  upon  vegetation.  The  de- 
jmsit  formed  hy  the  ri\ei'  is  widely  varying  in  chnraeter.  ilepeiiding 
upon  the  jiart  of  l!u'  eouiitry  frotii  which  (he  ri^•er  water  has  come. 
Tlie  soil  tenils  to  crack  oi»en  wlieii  it  di'ies  and  j-ecinires  a  large  amount 
of  watei'  for  iri-igatiun,  having  no  imiiervious  suljstrata  within 
easy  reach.  (loing  nortJi  from  the  river  everywhere  within  100 
ndles  of  its  mouth  the  s<iil  suddeidy  changes  from  alluvial  to  a 
lilack  sandy  loam  covered  with  a  lieaviei-  growth  id'  iues(|uite,  show- 
ing quite  clearly  the  denuircalion  of  Ihe  land  which  has  evidently 
nut  hceii  under  water  for  a  long  [H'riod.  This  land  is  at  present 
practically  uncuUivatcd  save  for  a  few  scattered  farms  owne<|  chicHy 
by  Mexicans.  \o  attempts  at  irrigation  have  Ijeen  made,  the  laml 
nearer  the  river  receiving  first  attention.  At  the  time  the  writer 
passetl  through  this  country,  about  the  1st  of  June,  all  the  corn,  which 
is  the  principal  crop,  was  burning  up  for  lack  of  water. 

North  of  this  belt  of  black  sand  laud,  which  is  some  "JO  to  HO  miles 
broad,  the  soil  changes  to  .saml.  The  mesquite  disap|jcars  unil  the 
only  tind>er  to  be  seen  is  scattered  groups  of  oak  trees.  This  char- 
acter of  land  continues  for  some  50  miles  and  extends  back  some  (iO 
miles  from  the  coast.  North  of  this  the  land  changes  to  a  black 
waxy  and  black  sandy  charactei-.  with  a  fairly  dense  growth  of 
mesquite. 

WATER  STIPPLY. 

RIVERS. 

The  Guadalupe  and  Rio  Grande  are  the  main  rivers  in  the  terri- 
tory mider  consideration  which  may  In-  relied  upon  for  irrigation 
throughout  the  year,  'i'he  liuadalnpe  Kiver  is  regarded  as  one  of  the 
best  streams  in  Texas  for  a  continuous  supply  of  water.     Above 
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Cuero  it  has  a  drainage  area  of  alxjiit  5,000  square  miles.  One  of  its 
main  tributaries  is  the  Comal  River  at  New  BrniinfelM,  which  is  fe<l 
entirely  liy  s[jrin{js  altinit  a  utile  ilislatit  from  the  |Miint  where  il  (lows 
into  the  (iiiadalupe.  The  San  Marcus  River,  whieh  flows  into  the 
(luadahipe  below  New  IJraunfels.  is  also  one  of  its  large  tributaries. 
At  Cuero  the  river  is  dainuied  to  obtiiin  power  for  an  electric  station 
whieh  will  be  ileserilwd  later.  The  How  at  this  {roint  when  the  river 
was  exceptionally  low  has  been  estimated  at  550  cubic  feet  per  second. 

Tile  Rio  (ii'ande  is  sul)ject  to  very  sudden  changes  in  volume  and 
discJiarge,  changing  from  a  few  thou.sand  to  40,000  or  more  cubic 
feet  per  second  and  back  to  where  it  started  within  a  very  few  days. 
According  to  Mr.  Xlendiola.  engineer  of  the  Mexican  (lovernmenl, 
from  observations  made  near  Brownsville,  while  the  mlnimuui  How 
ot  the  Rio  tjrande  is  1,100  cubic  feet  per  .second,  the  [naximiim  dis- 
charge is  3(>,00O  feet  ]ier  secorul.  Unfler  the  latter  condition.^  the 
elevation  of  the  surface  of  the  river  above  tide  water  is  45  feel.  The 
maximum  surface  vehx'ity  is  (\.',i  feet  jjer  st^cond.  Tlie  corresponding 
discharge  of  solid  matter  as  measureil  i)y  Mr.  Mendiohi  is  53S  cubic 
feet  per  second,  being  about  1.5  per  cent.  While  the  water  was  com- 
jyaratively  free  from  sediment  near  the  surface,  near  the  bottom  il  was 
practically  running  mud.  The  miilstream  discharge  was  7,900  cubic 
feet  per  second  and  the  solid  matter  discharged  was  42.5  cubic  feet 
per  second,  slightly  over  0.5  per  cent.  During  lhes<'  conditions  the 
t'levatioii  of  surface  of  the  river  was  3K  fwt  and  the  maximum  sur- 
face velocity  was  S.4  feet  |)er  second.  The  average  groutul  elevation 
near  Br<)wnsville  is  4'i.~  feel,  the  ground  being  liighest  at  (he  bank. 

The  Nueces  River  is  one  of  the  largest  streams  in  this  section  of  the 
country.  It  rises  in  Edwards  County  in  the  mountains  and  flows 
in  a  southeasterly  direction  into  Corjius  C'hristi  Bay.  It  drains  an 
immense  section  of  country,  but,  in  s])ite  of  this  fact,  during  the  dry 
season  there  is  very  little,  if  any,  water  to  be  obtained  fi'oui  the  river. 
There  is  always  considerable  flow  in  the  river  in  (he  mountain  district 
vhich  becomes  particularly  apparent  where  the  lied  rock  is  neai'  (ho 
surfai-e  and  the  natural  How  eonse<|uenlly  makes  its  appearatuv. 
The  channel  of  (lie  river  through  (he  muun(ains  is  lilted  with  ruck  and 
lK)wlders  many  feet  dee]K  At  one  place  on  the  river  soutli  of  Mon- 
(ell  in  Fvalde  CiMUity,  where  in  all  (irobability  the  larger  part  of  the 
flow  came  to  the  surface,  a  uteasutH'tneul  <d'  the  water  made  by 
the  writer  the  latter  part  of  August,  1904,  showed  a  flow  of  35  cubic 
feet  j>t»r  seccaul.  At  the  point  where  tlie  measurement  was  made 
there  was  also  und(ad>tedly  considerable  umlerHow.  Fartlu'r  down 
the  stream  the  water  disappears  entirely  in  tlie  bed  of  Iniwdders.  At 
numerous  points  along  the  Nueces  River  irrigation  plants  are  located 

3(l«2(>— No.  158—05 23 


354 


IRRIO.VnoN    AND    DRAINAGE    INVESTIGATIONS,  190-1. 


^ 


lisiiifi  small  f|iiantiti(>.s  of  watrr.  Iml  witlioiU  storjifje  it  would  l>e 
imsaft'  to  go  into  irrigation  on  a  large  scale,  depentling  upon  such  a 
sn|)]>l_v. 

Tlio  Frio  Kiver  has  its  sonrrt^  in  Edwards  County  and  Hows  sonth- 
\ve.st  into  the  Nueces.  This,  like  the  Nueces,  has  also  a  flow  of  water 
the  year  round  in  the  nniuntains,  although  the  flow  usually  disap- 
pears farther  down,  except  in  time  of  wet  weather. 

From  an  irrigation  standpoint  the  river  next  in  importance  is  the 
San  Antonio,  which  has  its  sour<'0  a  short  distnnw  above  the  city  of 
San  Antonio  and  flows  in  a  southeasterly  direction  into  Sun  Antonio 
Bay.  Its  headwaters  are  suj5|)liecl  by  springs  which  evidently  de- 
rive their  supply  from  the  sauie  source  as  the  artesian  wells  near  San 
Antonio,  since  the  flow  of  the  river  has  decivased  materially  since 
these  wells  have  been  put  down.  The  San  Antonio  River  receives  a 
considerable  increase  of  flow  from  the  creeks  running  into  it,  as  well 
as  from  springs  and  s»H'page  from  the  banks.  A  few  irrigation 
plants  are  also  li>cated  along  the  I^'oua  River,  as  well  as  along  several 
of  the  other  smaller  creeks  and  streams. 


^ 


LAKES. 

Lakes  are  not  numerous  thi-oughout  the  country,  the  chain  of  lakes 
through  Zavalla  and  Dimmit  counties  being  the  nuist  im])ortant  in 
that  part  of  (he  State.  The.se  are,  however,  of  comparatively  small 
capacity  and  will  be  discussed  later. 

WELLS. 

The  wells  in  the  neighl>orhood  of  San  Antonio  are  among  the  best 
in  existence,  the  water  being  found  as  a  rule  in  caverns  in  the  rocks. 
The  flow  from  the  wells  is  limited  i)u\\  by  the  friction  in  the  casing, 
and  is  hardly  afl'ected  by  friction  in  the  ground  itself.  The  strata 
of  water-bearing  sand  generally  found  in  tfther  jiarts  of  the  district, 
in  ((uestion  as  a  rule  <ffl'er  considerable  resistance  to  the  flow  of  water, 
owing  to  the  fineness  of  the  sand.  The  nuijority  of  the  wells  through- 
out the  State  obtain  their  water  from  strata  of  sand,  tliough  in  many 
cases  water  is  also  fouiul  in  (he  porous  sand  rock,  where  the  thiw  is 
generally  not  great.  Very  few  strata  of  good  coarse  sand  and  water- 
bearing gravel  are  found.  Iloweveiv  some  of  tlu'  country  in  Uvalde 
County,  where  the  various  rivers  issue  from  the  mountains,  has  good. 
indications  of  consideraVile  possibilities  in  the  way  of  jiiHnjxHl  wells. 
The  water  flowing  ru-ar  the  heads  of  these  streams  sinks  into  the 
ground  farther  on.  api>areufly  flowing  through  strata  of  coarse 
gravel,  which  would  furnish  an  excellent  supply  for  wells.  As  yet 
almost  nothing  has  been  done  tit  <levelop  this  sup]i!y.  The  water- 
works well  near  Uvalde  is  an  e.xcellent  indication  of  (he  itossibilities 
in  this  direction. 
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Many  slrata  of  salt  mul  iilkaliiie  vati-r  art'  cncoiinteretl  in  wcU- 
iHiriii;:  wliirli  would  be  tutiilly  iiiitit  for  irrigation  purposes.  The 
general  slope  of  tlu'  coiintrv  i^  southeast  toward  the  Ciulf,  and  the 
water  strata  also  s\o\xi  in  the  same  direetioii.  being  on  a  steeper  <!;rado 
than  the  snrfaee  of  the  himl.  The  result  of  this  is  that  in  order  to 
ta[)  the  same  stratum  of  water  the  nearer  the  const  tlie  deeper  are  the 
wells,  but  at  the  sanu-  time  the  greater  are  the  (wssibilities  of  obtain- 
ing an  artesian  How.  Alkaline  artesian  water  Ints  l)een  obtained  in 
nnuiy  plaees,  Imt  owing  to  this  (Quality  the  wells  have  Ix'en  abaniloned. 
The  artesian  district  in  Texas  is  unusually  large  and  a  great  deal  of 
money  has  U'en  invested  in  lK)ring  wells  in  atteui])ting  tt»  fin<l  arte- 
sian water.  There  wems  to  be  a  remarkable  faseination  about  the 
idea  of  obtaining  water  in  this  manner  without  ])um|iing.  Wliile  of 
course  tliis  is  highly  desirable,  still  the  faet  should  not  lie  lost  sight 
of  that  it  would  Ije  well  to  investigate  the  possibilities  of  obtaining 
good  pumped  water,  and  further,  that  the  expense  of  an  artesian  well, 
usually  great,  may  not  justify  the  exj)endilure  where  the  flow  is  small. 

ABTESXAN  DISTRICTS. 

There  are  four  distinct  artesian  districts  already  discovered  in 
.southwestern  Texas:  (1)  San  Antonio  and  vicinity;  (2)  King,  Ken- 
nedy, Armstrong,  and  Lasater  ranches;  (3)  Carizzo  Springs  district, 
and  (4)  wells  near  Inez  ami  in  the  country  near  I'ort  Lavaca. 

The  artesian  field  near  San  Antonio  has  rather  a  limited  area,  but 
from  the  water-supply  standpoint  is  superior  Ut  any  of  the  othei-s.  A 
12-inch  well  bored  liy  the  waterworks  at  San  Antonio  tlelivered 
6,(X)0,000  gallons  per  day  at  the  ground  level.  A  static  pressure  of 
40  feet  in  this  well  was  all  used  up  in  overcoming  friction  in  the  (lOO 
to  800  feet  of  casing,  according  to  b<ith  tigures  and  actual  measin-e- 
ments,  as  will  be  descriU-d  later.  Mr.  .Iuds<ui  of  the  San  Antonio 
waterworks  devised  a  luiiipte  and  interesting  method  of  measuring 
the  flow  of  water  in  this  well.  A  iKittle  containing  an  aniline  dye  had 
attached  to  its  .stopjjer  a  dynamite  cartridge  which  could  lie  si't  olf 
by  electricity.  This  was  place<l  a  given  distance  down  the  well  anrl 
touched  otl'.  The  explosion  blew  the  stopper  out  of  the  bottle,  liber- 
ating the  aniline  dye,  which  then  was  carried  up  by  the  stream  of 
water.  Time  was  taken  iiy  a  stop  watch  au<l  the  jjcriod  which 
elapsed  iM-tween  the  firing  of  the  cartridge  antl  the  a|)pearance  of  the 
dye  at  the  surface  was  noted.  The  length  and  size  of  pipe  being 
known,  the  velocity  of  the  water  and  hence  the  rate  of  flow  was  deter- 
mined. 

Some  of  the  wells  near  San  Antonio  are  situated  at  too  high  a  level 
to  flow  without  iMunpiug.  The  static  level  of  the  water  in  the  ground 
appears  to  be  jiractically   uniform   for  the  artesian  area,  which  in 
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itself  indicates  that  tlii-rc  must  Itp  very  free  ami  open  eoniinunicjitiim 
ill  the  uiiderjirronnd  i)iissii<jes  thr(ni<):h  wliieli  tlie  water  flows.  Tlic 
dejtili  of  tlie  cnvities  in  which  the  water  is  found  in  tiie  ntek  iarie~ 
frmn  (i  inches  lo  l;i  feet.  Some  of  the  wells.  howe\'ei'.  wliicli  are  Imred 
wliere  the  rock  strata  are  more  dense,  obtain  their  water  from  llie 
porous  fortnalion  of  rock,  and  the  flow  into  these  is  of  course  luiiited, 
owinji;  to  the  friction  in  tlie  jjroiiiid. 

The  most  extensive  artesian  Iwlt  in  Texas  is  found  in  the  lower  ])or- 
tion  of  Nueces  C()unty  and  in  the  luii'tliern  parts  of  Cameron.  ITidalj^o. 
and  Starr  I'ounties.  'I'he  kn<iwn  artesian  territory  runs  ahoiif  100 
miles  noi'th  and  south  and  "lO  miles  east  and  west,  starting  about  11> 
miles  south  of  Alice  and  runninj.;  praclically  to  the  coast.  No  a!'t<'- 
siiui  water  has  been  obtained  at  .Vlice,  the  ele\alion  being  too  higli. 
Alioiit  1!)  miles  south  of  .Vlice  the  first  artesian  wells  are  to  lie  found. 
These,  however,  are  of  sniall  lluw.  owing  to  the  low  liead.  fioing  far- 
ther south  the  wells  increase  considerably  in  their  (low  as  the  h'vel  of 
the  land  falls  oti'.  Wells  in  this  district  are  usually  started  with 
alxi?it  fi-inch  ()r  ."»,'',,-inch  casing,  and  will  \arv  in  How  from  .50  to  :W0 
gallons  [jer  minute,  and  are  lOO  Id  1,.")()0  feet  dei'|>.  .Vrtesian  water  is 
found  in  fine  brown  sand  beds,  varying  in  thicknes.s  from  a  few  feot 
to  40  feet. 

The  Carrizo  Springs  artesian  district  is  32  miles  long  by  .S  miles 
wide,  running  northwest  and  southeast.  The  wells  in  the  southeast- 
erly part  have  the  greater  capacity  and  are  deeper,  varying  in  tieplh 
from  ;i(K)  to  SOO  feet.  Tiie  easing  is  .")/,;  inches  to  10  inches  in  diame- 
ter at  the  start.  The  average  flow  will  vary  from  40  to  ;it>0  gallons 
per  uiiimte.  only  alwnt  two  wells  in  this  part  of  the  country  exceeding 
ihih  limit. 

Near  Inez,  on  the  Keeran  ranch,  there  are  several  small  artesian 
wells,  from  which  flow  can  Ih^  obtained  at  a  depth  of  .50  to  ."^OO  feet. 
About  Edna  and  Louise  there  luis  l«'en  considerable  develojjment  in 
artesian  wells,  but  this  is  (uitside  the  sco])e  of  (best'  investigations. 
Artesian  wcUn  of  limited  capacity  are  also  to  be  found  in  the  northern 
part  of  Refugio  County.  At  Encinal,  Lastdle  County,  artesian 
wells  liave  been  put  down,  which,  however,  have  very  small  output. 
Near  Pleasauton  there  is  also  a  small  artesian  belt. 


SPRINGS. 


k. 


The  hondwntors  of  San  Antonio  I\ivi>r  have  their  sources  in  springs. 
In  the  city  of  San  Antonio  are  also  the  San  Pedro  si)rings,  which 
supply  water  to  an  irrigatitui  ditch.  The  springs  of  the  Conud  River 
at  New  Braunfels  have  already  la'en  mentioned.  Some  of  the  largest 
springs  in  this  district  aie  near  Del  Rio.  Tlie  water  from  these  is 
utilized  for  irrigation  by  the  Del  Rio  Irrigation  Company.  One  of 
the  springs  has  a   flow   of  about  40,000  gallons   per  minute  and 
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anothor  nhont  iri.ono  pullons  pen-  luiiiiili'.  Two  iiiilcs  wo>f  of  Del  Kio 
aiv  also  (lie  Cit'iiffjiis  s|>riii>;>i,  with  a  <M]>ncity  of  •J..">(M)  ^riillons  per 
minute.  Some  distance  to  the  east  of  Del  Kio.  on  tfie  Soutliern 
Pacifie  road,  niv  also  otlier  s|>rinfrs  owiii'il  liy  tin'  Dfl  IJio  Irrif^jatioii 
Compajiy,  which  supply  water  to  I'iiilo  and  Sycamoie  ereeks. 

DAMS. 

Very  little  has  heen  (h>iie  as  yet  witli  (lie  storafre  of  water  by  dams. 
Xiiiuefous  small  dii'(  lianis  have  In'en  erected  in  the  past  to  store 
water  fctr  rattle,  hut,  Ix^ing  jirovideil  with  insufKcient  spillways,  most 
of  tluHn  liave  washed  out.  There  are  oidy  two  daius  of  any  iiupor- 
tanee  for  iriipilion  pui'poses.  one  of  whieh  is  lunir  I'ort  Lavaca, 
owned  by  Ross  Clark,  anil  an  earth  dam  about  O..")  mile  lon^f  and  8 
feet  hijili.  details  of  which  will  Ix-  fji  ven  later  (  p.  'AX'.i) .  This  was  first 
laid  out  with  a  sjdllway  which  consisted  of  merely  a  cut  in  (he  day 
bank.  A  heavy  rain  cut  thi.s  out  so  badly  that  all  the  water  retained 
by  (he  dam  was  los(.  After  this  experience  (he  cut  was  iilled  in  with 
earth  and  a  wooden  spillway  an-an^ed  in  the  center  of  the  lonj; 
embankment.  This  dam  is  thrown  across  the  nu)ntli  of  a  di'aw.  an<l 
reci'ives  its  watei'  fi-om  rainfall  aloae. 

The  other  ilaui  is  in\  (he  Xiu'ces  HiAei'.  m-ar  Carrizo  Sprinfjs,  and 
was  con.strncted  by  J.  S.  Taylor.  It  is  a  rock-Hlled  crib  ilai7i  with 
earth  backing,  which  raises  the  water  liS  fwt,  and  serves  in  |)art  for 
.stfira^le  and  in  part  for  elevating  the  water  sntlieientiy  to  irrigate  tln^ 
land  without  ])nui]iing.     (.S-e  p.  4.'>(V. ) 

TluMV  are  several  phn-es  where  diinis  conid  1m'  coUs(ruc(ed  to  excel- 
lent advan(ajn'  to  catch  (he  rnn-oll"  from  the  land.  The  rainfall  is 
sufficiently  jrreat  to  Im;  made  of  much  benefit  in  this  maimer,  as  a  fairly 
lar<re  annual  averajj^e  can  1k'  safely  relied  np»m.  Howevei'.  oiu-  of  (he 
intist  important  considerations  in  tlu'  erection  of  dams  is  tlu'  [n'ovisioii 
«if  an  ample  spillway,  the  neces.sity  for  which  is  particnlarly  brought 
out  by  tlic  fieavy  rains  which  are  liable  to  occui-.  Many  schemes  have 
l)4'en  uuide  for  (lie  I'onsti'uction  of  shallow  reservoirs  in  certain  parts 
of  (he  country  where  the  high  rati'  of  evaptu'ation  in  the  summer 
months  would  of  necessity  jirechule  ihcir  construction.  l 

METHOD  OF  BORING  WELLS.  ] 

Hydraulic  rigs  are  greatly  in  favor  f<u'  well  boring  in  Nueces 
County  and  in  the  ctaintry  fai'ther  south,  where  the  sli'a(a  are  for  tlie 
most  part  soft  and  little  rock  is  cnciunitered.  Considerable  sjicecl 
may  be  obtained  with  Ihc  hydraulic  rigs  now  in  um",  ami  wells  sire 
put  down  at  \eiv  moderate  cost.  The  method  generally  eiii])!oyed  is 
to  iiM'  a  straight  bit,  which  will  bore  a  hok'  slightly  larger  (ban  the 
casing,  the  l>it  l>eing  driven  by  alwiit  a  2-inch  pii^e.     Attached  to  the 
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upper  end  of  this  j>ijM>  is  a  swivpl  joint.  The  weipht  of  the  bit  and 
drill  pi[K»  are  tsiken  in  jiart  I)v  l»all  i>t'arin{js  Mi|>])<>rted  from  above. 
The  jji|X'  terminates  near  the  bit  in  two  small  holes,  each  of  which 
is  pointed,  so  that  a  strejun  of  water  whicli  is  foreed  down  the  pijM' 
win  jilay  on  the  cutting  edjfe  of  tlie  bit.  .V  pniup  snpjjiies  a  constant 
stream  of  water  to  the  well  through  the  drill  pipe.  The  same  water 
is  caiifrht  again  whei-e  it  overflows  the  top  of  the  well  and  used  eon- 
tiniiously  for  |mmping.  In  order  tu  prevent  caving  of  the  sand  Ijetls 
through  whicli  the  wells  pass,  this  water  is  saturated  with  clay  and 
penetrates  a  considerable  distance  into  the  water  strata,  thus  walling 
fheni  otf  and  jjreventing  undue  leakage  of  the  water  which  is  pumped 
down  the  well.  It  i.s  customary  to  raise  the  drill  pijK'  a  few  feet  at 
night  on  ceasing  work.  I'niike  many  systems  of  well  boring,  it  is 
not  necessjiry  to  continue  work  day  and  niglit.  A  pre>vNure  gauge  is 
attached  to  the  supjily  \n\yQ  leading  to  the  drill  pijx'.  indicating  the 
water  [iressiu'c  thereiii.  By  the  way  in  which  the  drill  turns,  as  well 
»s  by  the  sudden  change  in  water  pressure  in  the  gauge,  the  driller  can 
tell  when  he  strike^*  arte-sian  water.  After  the  completion  of  the  hole 
the  casing  i>  let  down,  anil  usually  a  strainer  of  stune  kind  is  after- 
wards put  down  througii  the  casing.  With  a  r>-inch  well  in  the  ordi- 
nary sti-ata  encountered,  sjind  ami  clay,  a  crew  can  make  from  20  to 
40  feet  of  hole  jier  day  of  twelve  hoins.  The  log  of  the  well  is  told  in 
part  by  the  material  l>rn»glu  u|>  by  the  clay  water  and  in  part  i>y  the 
mo\'ements  of  the  drill  rod.  However,  when  a  well  gets  to  l>e  of  any 
material  depth  it  i>.  usually  a  matter  of  tifteen  minutes  to  half  ait  hour 
before  tlie  material  from  the  bottom  i.->  ciirri<'d  up  by  the  water,  and 
this,  coupled  with  the  fact  that  it  is  mi.\*-d  in  with  the  heavy  clay 
water,  would  lie  a]>t  to  plao-  some  doulit  on  the  results  obtained. 
This  method  of  drilling,  while  appticabli-  to  soft  .strata,  is  entirely 
nnsuited  where  nnicli  nx'k  is  encountered.  In  other  sections  of  the 
country  the  ordinary  drop  drill  is  conunonly  ustnl,  logi>lher  with  a 
sand  [JUmp  for  remo\ing  the  debri.s. 

Still  another  method  of  drilling  is  to  put  a  heavy  steel  shix-  with 
saw  teeth  on  the  bottom  ni  the  casing,  whicli  itself  is  revolved.  Water 
is  forced  down  the  casing  through  a  swivel  joint  and  cimies  np  on  the 
out-side,cairying  the  cuttings  with  it.  This  has  l>een  used  successfully 
where  very  hard  rock  formations  have  been  eucountei-ed,  but  is  rather 
an  expensive  method. 

8TR.^V1NEB8. 

The  following  .^trainers  have  lM»en  used  in  wells:  The  most  com- 
mon sort  is  a  piece  of  pipe  of  a  size  to  fit  inside  the  casing.  -20  to  30 
feet  long  with  one-half  inch  or  three-eighths  inch  holes  drilled  in  the 
part  jx'netrating  the  water-bearing  stratinn  (fig.  40).  The  hoKw  are 
usually  spaced  about  2  or  3  incheii  apart  in  the  circumference  of  the 
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jjipe  and  from  G  inciii-s  to  1  foot  Ik'Iwwmi  tlio  rows  of  holet-.  The 
liotloiii  of  lliis  straiiK-r  is  hirult-d  in  vlity  at  llif  lower  side  of  tlie  water- 
bearing stnitutii  and  tlif  top  projects  up  into  (fie  casing  of  tlie  well. 
Sometimes  tl>o  spaee  between  tlie  casing  and  tlie  strainer  is  plnggi.'d 
up,  l>ut  usually  this  is  not  done.  The  iilea  of  putting  in  a  stniiuer 
smaller  than  the  well  is  in  order  to  pull  it  out  should  it  l)ecoiue 
stopped  u|).  As  a  miilter  of  fact,  it  is  apt  to  fx>  quite  ditfieult  to  do 
this,  and  fonse(iuently  the  result  is  maiidy  lo  restrict  the  arcii  of  die 
pi]>e  and  cause  additioiuil  resistance  to  the  entrance  of  water.  Many 
of  tliesi'  straiiu-rs  were  originally  covered  with  thin  cop])nr  gauze  over 
the  holes.  This,  lH)wevcr,  was  not  usually  successful,  the  gauze  being 
very  weak  nieciianically  and  ai)t  to  stofi  up. 

Strainers  of  tlie  kind  referred  to  above  can  not  properly  be  classed 
as  strainers  and  the  well  will  partake  more  ui  the  nature  of  an  oijeu- 
bottom  well.  ObviouHly, 
with  one-half  or  three- 
eighths  inch  holes  no 
strainer  action  against 
sand  will  be  possil>lo.  The 
sand  will  (ill  ni>  the  lower 
part  of  the  casing  ami 
the  water  will  issue  into 
the  casing  ihrongli  the 
upper  holes  only,  the  ve- 
locity through  the  lower 
holes  being  insnilicient  to 
carry  the  sand  off. 

Some  wells  in  Xneces 
County  were  i>ut  down 
without  strainers,  and.  as 
a  geiiend  rule,  although 
the  lu'd  of  diiy  above  the 
artesian  sand  was  exceedingly  thick,  yet  the  clay  wa.sof  such  poor  qual- 
it3'  or  els<'  the  I'asing  of  the  wells  were  ])n(  down  in  sucli  n  way  that 
caving  ensued  and  the  wells  became  more  or  less  plugged  n|i.  This  is 
not  the  universal  experience,  however,  in  that  section  of  country 
and  may  be  attributed  (o  the  fjict  that  the  casing  was  s1o|>]x»(l  nt  the 
wrong  point.  U'lng  too  U>w  down  in  the  water-lwaring  stratum, 
instead  of  lieing  stop|M^d  at  the  surface  of  the  same.  The  result  of 
(hi>  Would  l)e  that  the  well  would  (lirow  an  enormous  rtinoun(  of  sand 
an<l  there  would  be  increased  [lossihility  of  caving.  Tliis  may  Im'  seen 
by  reference  to  figures  50  and  51,  in  which  figure  50  represents  a  well 
casing  sto|»])iitg  at  (he  top  of  the  'Stratum,  showing  the  pool  which  will 
form  underneath  in  the  sand,  and  figure  r»l  represents  a  well  with  the 
casing  too  far  down,  showing  the  large  amount  of  sand  which  must 


Pio.  4fl  — strainer  with  holea,  showiog  lower  port  AUad 
with  mnd. 
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lie  thrown  out  in  ihe  natural  courso  of  the  flow  of  the  well.  Fif^iiv  4l> 
rc|in'>i'!it^  (lie  cdiKlil iiiiis  of  (he  ;-lraiiit'i'>  nhovt'  iiifiitioiuM!.  showing- 
the  tucthiid  in  which  the  lM>ttorn  woiihi  fill  up  with  siuid  iind  merely 
till'  to])  lioji's  lie  iisi'ftil  for  juhnittiarfi  wsrtcr  to  thu  i-usio^.  Of  fotiise. 
wt'D'  the  clay  to  cuvc  tJK'n'  would  hr  iiiorc  possil)ility  of  stojjjiiiifi;  up 
th<'  hoUoiu  of  the  ciisiiif^  itself  if  siiiidl  thsiu  iiiniierous  small  holos 

inside,  some  of  whieh 
would  slill  throw  wa- 
(iT,  Imt  the  fact  remnins 
that  the  use  of  this 
kind  of  striiinei-  is  not 
more  liahle  to  pre\ent 
eaviriff  than  the  use  of 
o|)en-l)ol(oin  wells  jirop- 
iM-ly  installed,  allhoufrh 
it  may  |)!'('\ent  the  to- 
tal ])hi<j<finjr  tij'  of  tlx' 
well  in  event  of  caving:. 
It  wonhl  certainly  be 
advisahle  to  pot  more 
holes  in  those  strainers, 
es])ecially  near  the  top 
of  the  water-hearing  stratum,  in  order  to  cause  less  throttling  to  the 
entrance  of  water. 

Strainers  have  heen  used  to  a  limited  extent  which  have  been  made 
up  in  the  following:  maimer:  A  (liere  of  pipe  was  drilled  with  many 
ismall  hole.s.  and  copper  wiie  was  then  wrapped  tightly  around  it.  the 
convidntion  being  wound  as  close  as  possible  and  soldered  in  four  or 
five  places  on  the  ontside  circumference  in  lines  parallel  to  the  a.\is  of 
the  pipe,  as  shown  in  figure 

r>2.     The  use  of  these  strain-      -^J?^^^^^^^^^^ ^ 
ers,  it  is  claimed,  gave  good 
results. 

Another  form  of  strainer 
was  made  by  utilizing  a 
similar  jiiece  of  pi))e  with 
di'illed  holes.  Copper  wire 
was  (hen  wrapjied  ai'oinul 
the  pifie.  leaving  an  interval  between  the  convolutions,  and  over  this 
brass  wile  gauze  was  use<l  which  was  soldered  in  a  similar  manner  in 
longilndintd  rows  (see  fig.  5;]).     This  is  also  said  to  1m'  ellective. 

.\  new  form  of  strainer  recently  brought  out  is  made  by  taking  a 
joint  of  pi|>e.  drilling  holes  in  (lie  same,  and  wrapping  the  ]^i[)e  with 
.sju'cial  c<t]iper  wire  of  tra|H'zoidal  shape,  as  in  figure  54.  A  small 
space  is  left  between  the  convolutions  of  the  wii'e,  which  is  soldered 


Ki<i.  SI. — Open-bottom  well  Improperly  put  down. 
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in  lointjitiulinal  niws  to  pivc  it  inert'asfil  slnMi<jt!i.  Thf  witr  is  wninul 
with  the  s!i(H-t<'r  leg  of  llu-  Inipt'zoid  itisitlt'  iiiul  tlu'  loiip'r  1*';;  milsitii', 
the  result  being  a  ttiptr  opening  for  ifu'  vviilei'  to  pass  ilmtngh,  so 
that  partirle>  wliifli  stiirt  to  go  into  the  casing  will,  in  nil  ])rol)ti!)ility. 
<'(iritinni'  tlirongh.  Tiii>  appears  to  Ik* 
founded  on  the  eorrect  principle,  tdtliongh 
its  practical  use  will  have  to  l)e  judged  hv 
experience. 

There  are  certain  points  which  should  be 
coinbinetl  in  n  suecessfnl  strainer  as  follows: 
( 1  )  It  siiiMild  lie  (if  siu'h  uiechantcal  strength 
that  it  will  nut  lie  injured  in  being  [Hit  down 
the  well  or  by  possible  action  of  the  water  on 
the  same. 

{•2)  It  should  have  openings  which  increase 
in  size  toward  tlie  inside  of  the  strainer  in 
order  that  particles  of  dirt  wlii<-li  start 
through  the  opening  will  l>e  carried  all  the 
way  through  and  will  not  plug  up  the  holes. 

(3}      While       its 

ojH'nings   shonlil    be 

of   >uffieiellt    size    to 

adtnit      the      water, 

still      they      should 

keep   out    the   sand. 

or    at    least    allow    a      FKL.'W-Stn.inercoveredwith 

cpperwire. 
suiticient  quantity  of 

the  coar.ser  sand  to  work  around  the  strainer 
to  serve  as  an  adjuiu-t  to  the  strainer  itself. 
(4)  It  shoidd  present  as  little  resistance 
as  possible  to  tlu^  entrance  of  water.  In 
order  for  this  condition  to  be  fullilled  the 
strainer  si  ion  Id  <if  course  be  of  as  largo  a 
diameter  and  as  long  as  jiossible.  The  re- 
sistance to  the  How  of  water  from  the  well  is 
what  limits  the  output  of  the  well,  be  it  arte- 
sian or  pumped.  This  resistance  is  made  up 
in  part  of  friction  in  the  pipe,  which  can  be 
figured  from  the  length  of  tile  casing;  in 
part  of  friction  in  the  entrance  to  the  casing, 
and  in  part  of  friction  in  the  ground  leail- 
ing  to  the  casing.  The  first  is  dependent  upon  the  size  of  well  used ; 
the  secinul  on  the  strainer  and  the  diameter  and  length  thereof,  as 
well  as  on  the  luUure  of  the  ground  imnietliately  surrounding  the 
same,  and  the  third  on  the  quality  and  thickness  of  the  water-bearing 


Fto.  .W.— Strainer  rovered  with 
copper  wire  anil  kbtisi). 
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stnita.  T!ic  coarser  the  siunl  jukI  firavel  tlie  <,T-eater  the  cas«  with 
wliifh  the  water  will  he  trariMiiitted  ami  the  better  the  indications  for 
wells,  other  conditions  remaining  tlie  sunie. 

COST   OF    BOBlNti. 

The  cost  of  well  horing  in  Nueces  County,  where  the  strata  are  soft 
and  hydraulic  rij^s  are  used,  is  about  $1  per  foot  vviibout  casing,  for 
r.-inch'  wells  up  to  1.000  feet.  In  the  vicinity  of  San  Antonio  12-inch 
wells  u[>  to  about  the  same  limit  cost  about  $7  per  foot,  casing  in- 
cluded. In  Refugio  County,  where  the  strata  are  exceedingly  hard 
and  hydraulic  rigs  which  revolve  in  the  casing  are  used,  the  cost  is 

about  $1  per  inch  diameter  per  foot  np  to 
l.tHMt  feet.  Thus,  a  12-inch  well  would  cost 
<-oinplete  about  $li  a  foot,  including  casing. 
lu  many  parts  of  the  coiiiitrv  Ci-inch  wells 
;ire  Iwired  fur  ulw)Ut  M  cents  a  foot  up  to  100 
feet. 

In  sinking  a  deep  artesian  well  it  i.s  almost 
universally  the  case  that  many  strata  pervious 
t  o  water  are  passed  thruugii.  In  stnne  of  these 
the  hydrostatic  pressure  will  Ih>  insufficient  to 
t-ause  the  wells  lu  ilow,  and  hence,  provided  a 
free  passage  is  formed  !>etween  strata  of  dif- 
ferent ])re.s!Hure  or  between  a  iiervions  stratum 
which  has  no  water  and  another  stratum 
wlierein  the  water  stands  above  the  level  of 
the  ]>ervif)us  stratum,  there  will  1r».  of  coui'se, 
i^m  |H    a   tlow   from   the  siraluui   of  higher  hydro- 

^^^  ^V    static  head  into  the  other  stratum.    Provided 

^^L^  j^m      the  liydrostatic  heml  uf  highest  value  is  re- 

^H^^^H^^B^^        duced   by    tluw   down   to   the  head   of  other 
^^^^^^^^  strata  in  counection,  there  would  be  no  ex- 

no.  54.-str«taer  coTcred  with    ,.i,,,„,r,.  (,f  water.     Provided  the  hvdrostatic 

tniixMSoldal  wiiv.  ,  ,        <■    i  •     ,  .'      , 

heail  ol  higiiest  water  pressure  is  lowered 
still  further,  water  will  fluw  into  i1h'  wi-U  from  the  other  strata, 
which  here  will  become  usefid  in  su|iplyiiig  water  to  the  well, 
whereas  in  the  lirst  case  considered  they  wouhl  be  of  a  tlecided  dis- 
advantage Vx^cause  of  the  leakage  of  water  between  strata,  which  is 
conse(|ueiit!y  lost.  This  exchange  or  leakage  of  water  iH-twivti  strata 
of  different  pressures  is  ajit  to  be  a  matter  of  consideralile  moment 
in  case  of  wells.  Provided  the  hydraulic  level  of  llu'  water  enter- 
ing the  well  is  above  the  hydraulic  level  of  various  strata  encoun- 
tered, then  it  is  obviously  im|>ortaiit  to  cut  off  both  from  the  well 
ca.sing  and  from  communication  outside  the  casing  all  strata  with 
too  low  hydrostatic  pressure.     The  most  effective  and  in  fact  prob- 
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altly  the  only  way  tu  mrompHsli  this  rosult  is  Ui  iimke  sure  that  the 
wi'll  rasing  lias  a  waliT-liyht  joint  liftwet'ii  itself  ami  thti  ground  in 
such  a  way  as  to  shut  off  all  luidesirable  strata.  It  is  perhaps  an  open 
question  as  to  how  nuich  the  clay  or  other  strata  in  a  well  will  close 
in  around  (he  casing  if  the  same  has  iK'en  loosely  set  therein.  Pi*o- 
rided  there  were  no  constant  flow  of  water  tending  to  keep  the  chan- 
nel open  between  the  easing  and  llie  elay.  the  latter  would  undoubt- 
edly sooner  or  later  settle  in  and  make  an  aliMdutely  tight  joint.  Ikit 
with  considei'able  pri'.ssure  ditferenee  InHween  two  eoinieeting  water 
strata  it  is  quite  pftssihle  that  there  may  lx>  consideralite  leakage  of 
water  wliieh  will  keep  u{>  eontinuriusly.  As  evidence  l)earing  on  this 
que<ition  may  Ix"  mentioned  the  fact  that  in  the  oil  fields  in  various 
parts  of  the  country  many  of  the  w«dls  have  Ik-en  ruined  Ity  leakage 
of  water  into  tlie  oil  owing  to  the  ilrillers  not  having  landed  the 
casing  properly  and  shut  off  conimnuication  between  ditferent  strata. 
Nor  is  this  action  apt  to  he  confined  to  (>\w  well.  There  are  cases  on 
record  where  entire  fields  have  iM-en  greatly  danuiged  by  wells  Imdly 
put  down,  the  leakage  of  water  into  the  oil  of  one  well  coming  up 
in  other  wells.  That  this  same  thing  will  occur  in  artesian  wells, 
causing  possibly  serious  loss  of  water,  there  can  Ix'  little  room  to 
douitt.  The  quantitive  value,  however,  is  a  thing  which  there  is 
little  means  of  judging.  Suppose  the  hydrostatic  pressure  in  the 
artesian  stratum  is  suflicient  to  elevate  the  water  10  feet  above  the 
ground  level  and  that  the  water  pressure  due  to  some  of  the  strata 
through  which  the  well  has  to  pass  is  such  that  the  water  stands  "lO 
feet  Ix'low  (lie  ground  surface.  Then  there  would  1k'  (W)  feet  differ- 
ence of  pressure,  with  the  well  shut  i)tF,  Ix^tween  the  two  water  strata, 
water  tending  to  cause  the  artesian  stratum  to  How  into  the  other. 
l\'ith  the  well  flowing,  if  indeed  it  did  (low.  tnving  tu  the  loss  of  water 
in  the  ground  not  Ix^ing  too  great,  suppose  that  5  feet  static  pre.ssu^^ 
are  necessary  to  account  for  the  flow  in  the  w(dl  pi[x>  and  into  the 
casing  and  that  (he  odier  ."r  feet  pressure  are  lo^t  in  the  ground  due 
to  frictittn  of  the  water  flowing  to  sup|)ly  the  well  and  the  leakage. 
Then  there  will  still  b«'  a  difference  of  ."».">  feet  static  pressure,  tending 
to  cause  an  exchange  of  water  Ix'tween  the  artesian  and  the  other 
water-lx-aring  stratum.  It  would  certainly  appear  that  this  had 
a  fair  chance  of  keefiing  the  chainiel  open  on  the  outside  of  the  casing 
and  j)reven(ing  the  day  closing  in  an>und  it,  as  it  should  do  in  order 
to  get  full  benefit  from  the  well  and  cut  off  the  harmful  effects  of 
leakage.  It  has  been  reported  to  be  the  experience  in  many  ])arts  of 
Nueces  County  that  the  closing  down  of  wells  by  throttling  or  .shut- 
ting off  entirely  the  supply,  if  continued  for  any  length  of  time,  will 
dimini.sh  the  quantity  of  water  which  the  well  is  capable  of  throwing 
when  opened  wide.  This  may  be  due  either  to  .settlement  of  the  sand 
in  the  bottom  of  the  w  ell  or  possibly  to  changes  in  the  strata  through 
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wliicli  tlip  Wittt'F  is  ]>ussiii<ir,  ()iie  tr>  dccrcasoil  How.  cir  else  t!io  increased 
prcssiiri'  Ht  tlK'  buftoiii  of  iIjc  well  will  caust'  an  I'liliirgfiiiciit  of  the 
leakage  area  on  the  outside  of  the  easing.  In  fact,  in  certain  wells 
in  Tfxas  which  have  only  limited  pressure  to  eaiise  artesian  flow, 
when  the  well  is  >liut  otf  the  water  will  follow  uj)  the  casing  and  even 
appear  un  the  outside  at  the  surface.  In  view  of  the.se  facts  it  is 
oertainh'  advisuhle  to  use  precautions  to  make  a  tight  Joint  between 
the  easing  and  the  sides  of  the  well  hole.  In  the  country  near  Carizzo 
Springs,  where  a  considerable  quantity  of  rwk  is  encountered  in  the 
wells,  cement  has  been  oi'casiotudly  used  for  this  purpose.  I)eing  put 
down  Ix'tween  the  well  hole  ami  casing.  Some  precaution  of  this 
kind  is  practically  neces.sary  in  order  to  jirevent  leakage  where  there  is 
no  clay  in  the  well  which  would  iiiaki*  a  fight  joint  with  the  casing. 

The  supply  of  artesian  water,  like  the  supjily  of  surface  water,  is 
of  ooui'se  limited  in  (juantity,  and  there  is  every  reason  wliy  proper 
precaution  should  be  taken  to  prevent  undue  loss  and  to  draw  there- 
from otdy  what  is  needed.  It  is  perhaps  useless  to  talk  economy 
until  the  necessity  for  the  same  begins  to  Ik?  felt,  but  the  fact  remains 
tliat  it  is  a  matter  of  ))ublic  interest  to  lake  some  means  to  throttle 
or  shut  otl'  the  water  from  wells  when  I  lie  full  sup])ly  is  not  needed. 
The  increased  demanti  »ni  the  ground  supply  due  to  the  growing 
nundK'r  of  wells  will  sooner  or  later  have  its  effect  on  the  hydrostatic 
presbure,  and  hence  on  the  quantity  of  water  available. 

FUEL. 

The  fuels  available  in  southwestern  Texas  are  coal,  oil.  mcsquite, 
and  oak.  t)f  these,  mestjuite  is  the  most  widely  used  for  irrigation 
pumping.  Roughly  sjjeaking,  the  fuel  \ahie  of  dry  wtwd  is  propor- 
tional to  its  weight.  Tlie  moisture  in  the  wotnl.  however,  which  may 
form  a  large  percentage  of  its  weight,  is  detrimental  to  its  fuel  value. 
Mesquite,  according  to  figures  of  the  lirownsville  Land  and  Irriga- 
tion Company,  weighs  3,700  pounds  per  cord.  This  weight  was  ob- 
tained from  a  cord  closely  stacked,  a  condition  which  uniy  be  ifgarded 
as  not  usually  adhered  to.  Mes(|Hite  is  so  plentiful  that  the  supply 
for  the  ojieration  of  a  pumping  station  is  commonly  obtained  from 
the  land  of  the  owner,  in  which  case  the  cost  of  same  is  figure<l  merely 
as  the  tx»st  of  cutting  and  hauling.  A  large  supply  is  obtained  from 
clearing  and  gi'ubbing  the  laiul,  some  parts  of  the  country  yielding 
about  10  cords  to  the  acre.  In  llu-  valley  of  (Jiuulahipe  Kiver  consid- 
erable Imttom  oak  is  used  f<u-  fuel.  This  wood  is  regardeii  as  in- 
ferior to  mesquite. 

In  the  territory  investigated  oil  was  used  only  to  a  limited  extent, 
the  principal  companies  using  it  Ixnng  the  Victoria  Land  and  Irriga- 
tion Company  and  the  Ross  Clark  plant,  near  Port  Lavaca.    Even  in 
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ihe  vicinity  of  San  Antonio  the  iisf  of  fircl  oil  is  liiniU'il.  The  water- 
works stntion  tliere  rt'irntly  chiingctl  from  oil  and  retnrm-d  to  the  use 
of  wml.     The  Iteuumont  and  Saiir  Lake  districts  arc  the  pi-iiicipal 
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oil  fichls  of  the  .State. 

to  wide  rtiK'tuatioiis,  varying  from  H  to  80  cents  a  hiirrel. 

Most  of  the  'IVxas  coal  is  of  the  liirnite  variety  and  of  low  thermal 
efficiency.  The  table  lielow  gives  cost  and  erticicncy  of  several  of  the 
grades  of  coal  commonly  nsed  in  the  State.  The  liritisji  thernnil 
units  [Hjr  ponnd  of  fuel  re])n'sent  the  total  heat  units  available  from 
perfect  combustion  in  that  (piantily  ()f  fuel.  However,  perfect  com- 
bustion is  never  obtained,  ami  consequently  c<)nsidcrar)le  heat  goes  to 
waste.  The  [iractical  efficiency  of  a  fuel  depends  on  the  amount  of 
lieat  which  (he  boiler  is  able  to  extract  from  a  pound  of  fuel,  and  this 
in  turn  depends  on  the  completeness  of  the  cond^nstion  and  on  the 
various  other  factors  involving  boiler  efficieiu-y.  The  connnercial 
efficiency  is  not  proportional  to  the  Hritish  thernud  mats  per  pound, 
owing  largely  to  the  variation  in  the  percentages  of  couijilete  condnis- 
lion.  The  degree  to  which  (he  latter  is  altainetl  is  largely  dependent 
upon  nud%ing  the  const rnci ion  of  the  boiler  suitable  to  fuel  that  is  to 
l)e  burned. 

In  the  taljU'  the  relative  boiler  efficiency  represents  the  relative 
efficiencies  of  various  fuels  whi'u  burnt  under  a  btiiler  in  f|uantities 
sufficient  to  supply  an  equal  number  of  theoretical  heat  uidts.  These 
values,  and  also  the  relative  fuel  values,  by  weight,  are  Itast'd  on  the 
use  of  fuel  for  tlie  boilers  of  locomotives.  From  what  lias  Ij4>cn  said 
upon  this  subject,  evidently  these  quantities  arc  a|)i)roximate,  depend- 
ing on  the  tyiM'  of  boiler  empUjyed,  but  they  still  serve  as  a  guide 
in  the  selection  of  fuel.  If  the  plant  (o  be  operated  is  of  considi-ruble 
size  the  saving  in  lalMir  of  iiri'inen  by  the  use  of  oil  is  a  point  worthy 
of  consideration. 

Mes<]uitc  makes  a  very  hot  tire,  and  unless  proper  precautions  are 
taken  in  the  designing  of  a  tire  box  it  is  liable  to  reduce  the  life  of  the 
boiler  considerably. 
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9  M.  R.— nine  mn.        ft  At  El  Faao.        r  No  analyHiii  obtainable;  about  same  as  Tbarber. 

Beaumont  crude  oil  at  the  wells  has  sold  for  ^i  to  80  cents  per  bar- 
rel of  42  gallons  (;^10  jjoumls  jhm-  barrel),  tlie  present  price  Ijeing 
4;"!  to  5i^  cents  j)er  h:irrel.  Analysis  of  same  shows  84.(5  jjer  cent 
carbon.  10. tt  jwr  cent  hydrogen,  1.6  per  cent  snlpluir,  2.0  j)er  cent 
<).\ygen.  The  culorific  vahie,  B.  T.  U-  l^er  pound  is  1!),100.  The 
relative  I'alorific  value  jier  pound  referred  to  Mc.Vlester  coal  is  1.3J> 
per  cent.  The  relative  boiler  elficiency  is  l.'.i-j  per  cent.  Three  an<l 
one-half  barrels  of  oil  are  considered  the  e<jiiivak'nt  of  1  ton  Mc- 
Ale.ster  coal. 

Mes<juite  and  oak  me  the  principal  woods  for  fuel.  They  cost  60 
cents  to  $2.50  [iev  cord.  Oak  weighs  3.500  pounds  jier  cord  and  lues- 
quite  3,000  to  3,700  pounds,  de[H'nding  npon  the  moisture.  Hie  size  of 
tlie  tinilx'r,  and  the  clo.seness  with  which  it  is  stacked.  The  calorific 
value  of  these  woods  is  about  4,500  B.  T.  l".  |>er  ])ound.  The  relative 
calorific  value  compared  with  MeAlester  coal  is  33  per  cent.  The 
relative  boiler  efhciency  is  58  jjer  cent.  Three  cords  of  oak  and  2.8 
to  3.5  cords  of  mesquite  are  considered  e<iuivalent  to  1  ton  McAlester 
coal. 

The  following  table  gives  present  freiglit  rates  on  fuel  in  Texas  as 
established  by  the  railroad  commission.  The  rates  on  coal  are  per  ton 
of  '2.000  ponnils;  on  wikkI,  per  cord,  and  on  oil.  per  biirrel  of  42  gal- 
lons, weight  3H(  [xmnds,  oil  being  iissunied  to  Ik'  7.4  j)ounds  per  gallon. 
The  rates  are  ail  for  carload  lot.s.  The  minimum  carload  of  coal 
is  20  tons;  of  wotHl,  30-f<H>t  cars  8  cords,  32-foot  cars  9  cords,  34-foot 
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fiirs  10  cords,  over  34-foot  ciirs  lii  cords:  ^^f  ud  over  t»rond-gnuge 
roads,  123  banvls.  Two  clusses  of  rates  arc  given.  Xo.  1  applies  to 
shipments  tniiisjinrted  over  u  single  line  of  railroiul  or  over  two  or 
more  lines  of  raiiruad  under  the  same  nianiigenient  and  eontnil.  No. 
'2  applies  to  slii|)nients  transi)orted  over  two  or  more  lines  of  niih'oad 
which  are  not  under  the  same  management  and  control. 


Tulilf  iif  frri'ilit  f<ilr». 


Kind  of  fuel. 


Soft  coal  except  slack,  smithing 

cual,  and  coke , 

Ant  brat  rite 

Slack  cool 

LiKDiWaad  lignite  briqaettas 

Wood...- 

on 


Distance  and  rate. 


6  milea. 


Rate 

1. 


lo.om 


10  miles.       au  miles 


Bate  Rate 

2.         1. 


10.121 


0B8 


Bate  Bate  Bate 
2.         1.         2. 


I 


lUU  miles.     fl»  miles. 


Bate 
1. 


u  10.70  |n.(v 


10.  to 

M 


.77 
.10  I  .56 
.Se  .47 
70  I  l.(K 


.U      .186    .m 


Bate 

X. 


tl  )K 
1.15fi 
.W 
.7.1 
1.40 


Bate 

1. 


$1.40 
~1.54 
l.» 
.91 
I.IM 
.178 


Bate 
2. 


|1  S5 

1.7IR 
1.40 
I. OK 
1.96 


W 


Kind  of  foel. 


Soft  coal  except  slack,  fimithlng 

coal,  and  coke 

Anthracite 

Slack  cfial 

Lit^itc  and  lignite  briqnettea 

Wood 

OU 


Distance  and  rate. 


am  miles. 


Bate   Bate 

1.        g. 


fi.ao 

1.7S 
I.IS 
8.  so 

.an 


400  miles. 


Bate  <  Bate 
1.        & 


12.(16  !t£.27  t!>.:i7  12.67 


BUi  miles,     mi)  miles. 


Bate  Rate  Rate  Bate 
1.       2.       1.       a. 


l.SO 
l.tH 
IfTO 

.aul 


2.4117  2.aU7 


2.17 
1.64 
a25 
.418 


2.27 
l.M 
8.30 
.418 


2.IIS7 
2..W 
l.HH 
3.75 
.48 


12.77  )H.)t)  i3.2U  mat  tH70 


3.M7  3.41 

2.87  3.0I 

1.08  2.17 

a  76  4.(«l 

.611  .511 


8.62 
3  10 
2.27 
4.IO 
.611 


71)0  miles. 


Bate  Bate 
1.       a. 


3.96 
3.50 
2.2» 
4.00 


4.07 

3.  a) 

2.30 
4.U) 
.5U 


In  addition  to  the  rates  quoted  in  the  table,  the  following  are  a  few 
special  carload  rates  per  ton  of  coal : 

Bugle  I'iis.«i  to  Kl  Piiso $2.25 

Eagle  Puss  to  SMgiiin 1.00 

E^agle  Phs8  to  Sim  .\i)lon1u .90 

Hartz  to  Siiii  .\])loiilo .80 

Miiieni  i)ti»l  CiiDnel  to  Sim  .Vntonlo .90 

Miuem  and  Ciiniiel  to  Liiredo .85 

Itlo  Itruvo  niiiii's  to  Siii)  .Viiloiilo .80 

Dolclil)m-g  (Itlo  Krnvo)  uuU  lliirte  mines  to  Eagle  Puss .20 

I.,ytle  to  Sun  Autoulo .30 


• 
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Rates  oil  coal  rhange  everj'  10  miles  of  haul,  the  rate  quoted  for  30 
miles  Ix^ing  tlie  iiiiniiiium.  The  rate  on  oil  between  Beaumont  and 
Galveston  is  18.(j  cents  j)er  barrel.  Special  rates  per  cord  on  wood 
are  us  follows: 

(inlveston,  lloiistnti.  niid  Sau  AntonUi  rtiiitl.  riersou  uiiii 
intcriiiiHliiiti'  |H)iiits  to  Sun  Antouio  (exivpt  where  lulleiiKe 
nili'M  lire  IcsNt *1.00 

■  San  Aiitdiiio  and  AniiiHiis  I'tiss  roiul : 

^L  Serliiii,  Wiiifbester,  West  I'oitit,  Kock  Isliiiiil,  ('lu't'tliaui, 

^B  Sulilluie,    iiud   Dllwiirtli.    I^nckUiirt,    i>nd    liiteniiedinte 

^m  iKiirits  to  SdCi  Airtoiilii 1.50 

H  ('lu'otluiiii    ami    iiilci-iii<'<t<nto    jtoints   to   Corpus   ChrUtI 

H  (fxii'i't  ivluTc  inilimKf  rates  are  less) 1.50 

^  Alttiir  lu  San  AiiloiiUi 1.30 

The  freijjht  rate  on  coal  from  McAlester.  Ind.  T.,  to  Denison,  Tex., 
is  i)0  cents  per  ton.  From  Ijchigh,  Ind.  T.,  to  Denison,  Tex.,  the  rate 
is  70  cents  per  ton. 

Rates  on  wood  are  made  f(»r  10,  IT),  and  -20  miles;  then  every  H' 
miles  np  to  100;  then  every  20  miles  np  to  300;  then  every  30  miles 
np  to  400;  then  every  50  miles  up  to  500.  Rates  on  oil  are  qimted 
for  (i,  10,  15,  and  20  miles;  tlien  every  10  miles  u|>  to  (iO;  then  every 
'JO  miles  up  lo  100;  then  every  25  miles  up  to  250;  then  every  50  miles 
np  to  550, 

WATER  CONDUITS  IN  USE. 

The  majority  of  tlie  canals  in  use  in  Texas,  parli<Mdarly  the  larg^ 
ones,  ai'c  laiilt  excwdingly  wide  for  the  dcptli.  The  earth  which 
forms  the  l)anks  of  the  canal  when  same  is  not  in  a  cut  is  usually 
taken  from  hiirrow  |)its.  Sometimes,  as  in  the  case  of  the  Browns- 
ville Land  and  Irrifjation  t'orii|)iiny.  these  horrow  pits  arc  on  the 
inside  of  the  canal.  (See  p.  441. >  As  is  seen,  the  dirt  is  not  taken 
from  the  entire  Uotlom,  which  hence  presents  additional  surface  for 
friction  to  Howiufr  water.  Of  course,  in  the  course  of  time  tlie^* 
horrow  pitf<  will  fill  up  with  sediment.  In  several  other  plants, 
howevci-,  hirjie  liori'ovv  pits  have  l)eeu  made  <m  the  outside  of  the  canal, 
eithei-  for  dirt  to  form  the  hanks  or  to  I'aise  the  grade  of  the  canal. 
This  is  a  practice  which  is  usually  to  be  condemned,  as  nnich  valuable 
land  is  wasted  thereby  in  addition  to  rendering  the  land  im|)assab!e 
for  vehicles,  ex<'ept  in  <'ertain  ](laces.  althougli  ttiis  latter  consideration 
i.s  possibly  of  secondary  importance.  In  one  instance  which  the 
writer  I'ecalls  (here  was  a  space  fully  .'»0  feet  wide  „u  eadi  side  of  the 
canal  absolutely  ruined  in  this  way.  If  the  dirt  for  (he  conslruction 
of  the  ditch  had  been  obtained  by  going  back  some  ilistance  from  the 
ditch  and  taking  a  unifonn  layer  off  the  ground,  instead  of  taking 
it  all  out  in  a  lump,  this  land  would  have  Ix'en  as  gmxl  as  ever  and  a 
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considornlilo  savinjr  wouKl  liavi*  het'ii  made.  Moreovpr,  it  presents  a 
must  imatU'iK'tive  apiK'nniiice  to  st-t'  tlic  liuul  all  tut  tip  in  tliis  way, 
though  perhaps  this  is  not  as  appealing  to  most  jK-ople  ns  tlie  idea 
of  peniniary  loss. 

The  wdik  of  irrigation  in  many  parts  of  this  country  is  compara- 
tively new,  and  many  people  entering  the  field  have  had  no  experience 
l)efore  in  work  of  this  nature.  As  a  consequence,  many  of  tlie  canals 
arc  constructed  with  cxccetlingly  weak  banks,  cominnf  almost  to  a 
point  on  top,  with  the  water  level  entirely  t*)0  close  to  the  top  of  the 
Jjank  for  safety.  These  are  conlimially  breaking  and  causing  a  large 
amount  of  Ironlilc  and  cxijensi'.  It  is  p(M)r  policy  to  put  in  work  in 
this  manner.  A  ditch  shoidd  always  be  constructed  with  the  banks 
amply  wide  and  a  safe  distance  l«?t\vcen  the  water  level  and  the  top 
*)f  (he  canal  bank.  These  arc  thing.s,  however,  which  will,  of  course. 
come  in  time  and  with  exix*rience.  Canals  should  be  built  on  such 
a  slope  as  to  give  suflicieiitly  high  velocity  to  the  water  to  pix'vent 
the  accnnudation  of  sediment  and  the  tendency  (o -plant  growth. 
At  the  same  time  the  velocity  should  not  l»e  high  enough  to  cut. 
About  2.5  feet  per  second  is  usually  considered  a  good  velocity  for 
flow.  There  is  n  natural  tendency  with  tx'ginners  in  irrigation  to 
attemjit  to  make  the  slope  of  banks  entirely  too  steep.  Of  coni'se, 
the  slo[)e  which  can  be  given  depends  largely  upon  the  nature  of  the 
ground,  anti  in  the  softer  earths  '2  to  1  tm  the  outside  and  ;i  to  1  on 
the  inside  may  usually  Ije  regarded  as  about  as  steep  as  good  practice 
will  ])»'rniit.  The  ivsult  of  using  a  stce])er  slo]ie,  |)articularly  on  the 
inside,  is  that  caving  will  ensue  from  the  wash  of  water. 

WOODEN  FLCTMES. 

Wooden  flumes  are  not  much  used  in  this  country,  n.s  there  is  very 
little  demand  for  them,  owing  to  the  level  nature  of  (he  gr«nmd.  Their 
principal  use  has  been  in  conveying  water  from  the  pump  stations 
to  the  canals,  where  some  form  of  conduit  was  necessary.  F^ven 
here  more  expensive  earth  tills  have  fretpiently  been  made  to  avoiil 
the  trouble  of  building  and  maintaining  flumes.  There  are  several 
ca.ses  where  nutre  careful  selections  of  sites  for  puu»])  stations  would 
have  been  of  inatci'ial  benefit  in  the  construction  of  the  canal  system 
and  woidd  have  avoided  the  use  of  either  woo<len  flumes  or  exj^nsive 
fills.  Thest^  flumes  are  always  a  source  of  more  or  less  trouble  and  of 
high  de[)recintion.  particularly  where  they  are  alternately  wet  and  dry, 
in  which  ca.se  it  is  very  difficult  to  keep  them  tight.  In  some  instances 
they  are  Ix-ing  lined  with  tin  or  galvanized  iron  to  make  them  water- 
tight. This  should  give  good  results  antl  will  doubtless  be  well  worth 
the  additional  expense. 
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There  is  grent  variation  in  tl»o  tinilier  frames  supporting  the  flumef?, 
some  having  many  times  the  requisite  amount  of  material  and  othei-s 
Ijeing  so  liglit  tliat  the  finmes  seem  to  lie  in  inuuinent  danger  of  eol- 
lapse.  It  slioiiU]  Ik'  liorne  in  mind  tliat  if  u  fUime  is  to  remain  water- 
tight it  sliouid  Ite  well  sn|)ported,  in  order  that  the  spring  of  the  tim- 
bers may  not  cause  a  leak. 

WOODEN  PIPE. 

No  wooden  pipe  whatever  is  in  use  in  this  region. '  It  would  cer- 
tainly pay  irrigators  to  investig-ate  this  subject  in  connection  with 
plants  where  the  quantity  of  water  delivered  is  large.     For  handling 


Flo.  50. — Cost  of  woodeD  stare  pipe. 

small  quantities  of  water  it  is  of  course  out  of  the  que.stion.  Even 
though  more  expensive,  it  would  be  advisable  in  many  instances  to 
install  stations  with  pipe  leading  from  pumping  stations  to  the  ditch 
rather  than  to  tise  the  fliuiie  con.struction  now  practicetl.  The  i)ipe 
for  this  purjx)se  should  of  course  lie  sufficiently  large  to  obviate  the 
friction  loss  of  head  and  could  be  made  of  steel  or  wood,  ^lepending 
upon  the  size  of  the  pipe. 
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Tho  following  tahk*  reproseiUs  tlio  approxiimilp  cost  of  itiIwckmI- 
stavc  pipe  in  Texas  (figs,  .'m  iiiul  .Ifi).  WcKideii  pipe  Uiiilt  of  pine 
conlil  be  cynstniuled  for  about  oue-thini  li*ss  tlmn  tbe  figures  given 
below : 

t'liHt  iif  riiliriiiiil  Htuif  iii/ir  in  Tij-iit. 


PresHore 
heads. 


Frrt 

t»-ai... 
a)-3u.... 

39-40..., 
*>-."iO.... 

«»-«•..., 
«>  Tl).... 
7(M«1.... 

stmp.... 

BO-llI)... 
IIX^UO... 

ia)-i40... 
i«vinii... 

181)  IHI  ... 

i8t)-aiu... 


OMt  per  foot  of  woodea  Jtipa,  Inalde  dimmeter  of- 


i 

a 
I 


fO.HI 
.65 
.•St 

.79 

.m 

.9S 
1.00 
1.10 
1.21 
1.3» 
1.46 
l.fi9 
1.82 
1.85 


I 

I 

8 


to.w 

1.10 

i.ai 
i.ai 
i.« 

l.fiO 

i.eu 

1.74 
l.MI 
l.«8 
£.14 

s.as 

s.ao 

2.  TO 


a 
s 


11.70 
1.80 
2.10 
8.25 
2.40 

2.  no 

2.75 
2.15 
8.15 
8.85 
3.» 
3.75 
4.IJ0 
4.1» 


J 
I 

i 


IS.  65 

u.ao 

8.25 

H.50 
3.  HO 
4.10 
4.35 
4.05 
4.115 
5.110 
5.70 
5.(0 

«.»:< 

8. NO 


i 


til.  75 
4. 2D 

1.70 
5.  Oil 
5.5(l 
II.  Ill 
«.4<l 
a.  75 
7.211 
7.SS 
H.SO 
U.  Ill 
9.70 
10.!«> 


i 

a 
o 
& 

% 


U.ao 
s.so 
B.sn 

8.75 
7.30 

s.nii 
g.  10 

S.75 
10. 75 
11.70 
12.70 
13.50 
U.SO 


i 

a 
a 


tA.Ifi 
7.00 
7.75 

K..'ii) 

U.ao 

10.  l.i 
U).«) 
11.70 
12.511 
13.  l« 
15.  20 
18.55 
17.75 
1».(» 


i 

a 
I 

s 


17% 

8.85 
8.45 
1(1. 35 
ll.:i5 
12.40 
13.25 
14.30 
15.35 
17.211 
18.  »m 
20.70 
22.30 
24.80 


I 


I 

8 


18.70 
8.K5 
11.10 
12,31 
13.40 
14.70 
15, 70 
17.(0 
18  ;w 
20. 50 
1S.5.-1 
24.80 
25.80 
28.  UO 


tio.m 
I  ii.;«> 

I  12.80 
14.20 
15. 30 
17.  «1 

18. ;« 

IB.K) 
21.. 1) 
24.(11 
2(1.  .jO 
2».30 
31.811 
34.40 


i 

a 

3 
3 


til  .8:) 
12.115 
14  .55 
m.  15 
17.70 
18.  UO 

2i.no 

22.70 
24,40 
27  80 
:«l,  75 
:f4,l» 

;rr,(i) 

40.00 


I 


i 

■g 
a 


tI2.75 
14.60 
18.40 
18.15 
20.  (« 
ffl.OO 
23.70 
25.70 
27.60 
31.81) 

;«.(«) 
:«  no 

42.50 
48.10 


Wooden    pipe   when    ]>roperIy    installed   is   subject    to  very   little 
(lepreciution.     It  should  be  set  in  siieh  ii  manner  that  the  entire  inner 


Prrc<    prr  tin*«/    /^baf  tif  Pipe     in    Dol/ar3 
Flu.  50. — Oo8l  of  wuoden  atav«  pipe. 

mirfaee  will  always  be  kept  wet.  Manufacturers  of  wooden  pipe 
claim  that  redwiKid  pijte  iiiuler  good  conditions  should  last  fifty  years 
and  even  under  quite  unfavoniljle  eonditions  at  least  twenty-five 
years.  This  would  give  an  average  annual  depreciation  mte  of  3 
per  cent.     Pipe  built  of  pine  is  subject  to  much  more  rapid  dcprecia- 
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tion,  it.s  life  Ifeing  approxinialoly  fiftctui  ywirs  nmlcr  similar  condi- 
tions, which  wimld  •signify  u  7  per  cent  de|>re<iiitiuii.  Exix'rienoe 
with  wodih'ii  pipe  li-uds  to  tlic  f<iiicliisi(iir  (hut  a  pi)H'  luit  htiriod  will 
last  loiigiT  lliaii  otiL'  wluL-h  is  Intriwl  itidy  a  ffw  indu's  to  u  foot  helow 
the  surface  of  the  {rrtmiid.  due  t<»  the  action  of  roots  ami  hnish  on  the 
wood.  'I'lie  life  of  jiijie  may  l>e  much  pndoiiped  by  luiryirifr  the  top 
at  least  5  fwt  I>l'1uw  the  surfiice.  Ex|)osed  wooden  pipe  is  more  liable 
to  damage  liy  fire  or  maliciously  inclined  people  than  were  it  covered 
with  earlli. 

One  great  advantage  of  wooden  pipe  over  metal  is  the  increased 
carrying  capacity  due  to  the  smoothness  of  the  wood.  Thus,  for 
example,  wooden  pi|>e  will  carry  ai>proximately  1(>  per  cent  more 
water  tbati  the  same  si/,e  iron  pipe  for  a  given  loss  of  head,  owing  to 
the  greatly  diminished  friction. 

CONCRETE  CONSTBUCTION. 

Concrete  construction  f(»r  conduits  for  water  has  l^een  used  to  a 
limited  extent  in  Texas.  The  San  Antonio  Irrigation  Company  have 
a  considerable  amount  of  concrete-lined  canal  for  the  conveyance 
of  sewage  water  of  llie  city  of  San  Antonio  to  the  sewjige  farm.  The 
Del  Rio  Irrigation  Company  have  made  quite  extended  use  of  con- 
<Tete  ex]mnded  metal  pij^e,  of  wlii<'li  an  account  is  given  on  [>age  4'2r». 
They  have  also  built  a  large  amount  of  ditcli  in  which  the  outer 
wall,  in  steep  hillside  work,  has  been  largely  constructed  of  con- 
crete, and  in  the  case  of  fills  the  entire  channel  has  been  lined  with 
concrete. 

The  cost  of  expanded  metal  pipe  will  depend  hirgely  upon  local 
conditions  and  tlie  question  of  the  use  of  coiu-rcte  pipe  requires  care- 
ful consideration  of  Imtli  conditions  and  the  demands  of  the  work 
as  to  wbetlicr  some  cheaper  form  of  construction  would  not  answer 
fully  all  re(iuircments.  F<u'  example,  wooden  pipe  could  1h'  in- 
stalled at  a  lower  lirst  cost  than  concrete  expanded  metal  pipe,  but 
would  be  subject  to  higher  depreciation.  Any  settlement  of  founda- 
tion would  j-entler  tlie  concrete  iiijje  more  liable  to  leak.  The  ques- 
tion to  be  deleruiitied  by  the  engineer  is  whether  the  expense  of 
interest,  deprecinti()n.  and  repairs  would  be  greater  or  less  for 
wooden  than  for  concrete  ]>ipe. 


I 


GENERAL   CONDITIONS   OF   LABOE. 

In  the  southwestern  ]iart  of  Texas  luiior  for  farm  purposes  is 
unusually  cheap,  |)articularly  near  the  Mexiciui  border.  The  greater 
part  of  tlie  labor  throughout  the  country  is  Mexican.  Until  recently 
near  Brownsville  50  cents  Mexican  per  day,  or  23  cents  currency, 
was  the  price  of  Mexican  labor,  but  since  then  prices  have  gone  up. 
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'ith  fho  i^cttlemciit  uf  tlio  country  it  is  probnhlp  tlmt  thcsp  will  in- 
rrcasi^  still  fiirtluT  ()wiiiy  to  iiHTciiscil  dfiiiaiHl.  Aloiiir  tlu'  MvxifHii 
bortU'i-  iiilHti-  costs  7.1  cents  to  $1  Moxiriiii  a  diiy  iiiid  lliroiifrlioiit  a 
lai-jr«'  paft  of  (lie  stjiitlwrMi  roiintrv  $L  Mexican  is  the  nitc  uf  conipcn- 
siition.  Throu^lioiit  llit-  rcmaimler  uf  the  country  in  tjiicstion  tin- 
rate  of  labor  is  from  50  cents  to  $1  ii  <luy  in  currency,  except  near  the 
liirfrrr  cities,  where  it  is  from  $!..")()  to  $1.75. 

\'ery  few  ncfrrues  are  tu  be  found  working  in  the  tields  here,  and 
nep'o  labor  hiirdly  counts  at  all  as  a  factor.  With  all  his  sbort- 
coniinp:s.  under  the  jiresent  condi(ions  the  Mexican  is  practically  a 
necessity  for  conducting  farm  ojierations  in  the  lower  country,  and 
ahhoujrh  Mexican  labor  may  not  lx>  as  efficient  as  American  labor, 
slill,  considcrinji;  the  prices  paid,  thei-e  can  be  little  I'ausc  for  com- 
plaint. The  clearing  <d'  large  ai'eas  of  land  covered  with  brush  and 
trit'-s  is  often  let  out  to  ilexicaus  by  <'ontract  at  so  much  an  acre. 
The  cost  of  work  of  this  mUure  seems  exceedingly  moderate  cimsid- 
ering  conditions,  some  of  the  most  heavily  timln'red  hind  being 
cleared  for  from  $10  to  $l.i  an  acre.  The  fact  that  from  5  t<)  10  cords 
(if  Wood  per  acre  can  l>e  obtained  from  some  of  this  land  shows  for 
itself  the  amount  of  work  which  it  is  ueee.ssjiry  to  perform. 
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The  data  given  in  the  following  pages  are  based  largely  on  infor- 
nuition  furnished  by  the  owners  of  irrigation  jdanls.  In  many  places 
where  the  jilants  were  not  in  operation  iit  the  time  of  the  visit  it  was 
impossible  to  fonn  any  definite  idea  of  the  rate  of  How  of  water.  A-i 
far  as  (tossible  the  flow  of  wells.  pmn]>s.  and  canals  was  measio'ed  or 
estimated  i)V  the  writer.  Wltilc  it  is  dithcuU  to  obtain  accurate  infor- 
nijition  (m  the  operation  of  plants,  still  it  is  Iwlieved  that  the  <lcscrip- 
tions  and  data  of  the  farms  will  give,  on  the  whole,  a  good  idea  of 
the  present  slate  of  irrigation  in  Texas. 

CXTERO. 

Cnero,  the  county  seat  of  Dewitt  County,  is  situated  on  the  bank 
of  the  tJuadalupe  River.  There  is  a  limited  amount  of  rich  bottom 
lan<l  in  this  vicinity,  which  is  occasionally  Hooded  by  (he  river  at 
high  water,  as  well  as  several  irrigated  farms  of  a  few  luiiidred  acres 
each  lying  along  the  banks  of  the  river.  Large  tracts  of  irrigable 
lan<l,  however,  can  not  be  obtained  so  far  from  the  c<mst  without 
involving  considerable  exjwnse.  The  irrigated  land  is  of  a  rich, 
bhick.  waxy  nature.  The  princij)!!!  crops  arc  rice.  corn,  and  Iruck. 
Water  for  irrigation  is  ])umped  fioni  the  river  by  steam  i)lants,  the 
vertical  lift  Ix'ing  about  3<;  feet. 
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Mr.  Otto  Uiieln'l  liiis  crerlcd  ii  iliiiii  jvt-i-oss  lln>  (iiuhIiiIuik'  River,  to 
whirli  TL-fenMice  Ims  alreiuly  Ihh-ii  iimilt*.  Ht'  Idis  itistallctt  ii  water- 
power  station,  utilizing  a  fall  of  about  111  f.et,  which  is  usiinlly  ob- 
lainidik'  except  at  linies  of  very  hifih  water.  Tlie  installation  in  (lie 
h.tution  consists  of  three  vertical  turbines  of  -J'At)  horsepower  each, 
wliieh  drive  throiifrli  bevel  "jjears  a  line  shaft,  to  which  are  Iwlted  two 
ii-phaso  'J.OOO-voll  electi-ic  i^enerjitors.  The  plant  distrilnites  elec- 
tricity for  jjiiwer  and  liirhtinjf  to  the  town  of  C'nero,  abont  '2  ndles 
distant,  and  also  fni-nishes  power  for  driving  a  cotton  mill,  as  well 
as  an  irrigation  |)nniping  ]tlant  owned  by  Crouch  A  Slacker. 

In  addition  to  the  electric  etpiipment  at  the  station,  the  followiirg 
hydraulic  e(]uij)inent  is  also  installed:  One  2'2r>-lu)rsepower  W-iiich 
new  American  tnrbine  drives  through  bevel  gears  and  belting  a  No. 
If)  centrifugal  |>um[i  rated  to  delivei'  7,0011  gallons  of  water  jier  min- 
ute at  -l-J-foot  lift;  a  duplex  power  pump.  18  by  :22,  driven  by  water 
power,  delivers  3,r)0(J,ll(Mt  gallons  per  day  when  operated  at  abiuit  25 
revolutions  per  iniiuite.  This  is  eqnivaleni  to  a  How  of,  in  round 
nuiubers,  ii,4'X)  gallons  |>er  minute.  The.se  ])umps  Ixith  discharge 
water  into  a  reservoir  r>(K)  feel  s([iu»re  and  7  feet  ileep,  fronj  which, 
however,  oidy  3  feet  in  depth  of  water  can  be  drawn.  The  centrifu- 
gal pvimp  tlischarges  into  a  Hniue  which  empties  into  the  i-eservoir, 
while  the  duplex  pump  empties  directly  into  the  reservoir.  The  out- 
let canal  from  the  reservoir  is  (iO  to  iH)  feet  wide  and  alxuil  7  feet 
deep,  the  size,  however,  varying  in  different  |)arts,  the  cajmcity  of  tho 
eamil  Udng  rated  at  1"2,000  gallou.s  ])er  minute. 

Mr.  Buchel  owns  (500  acres  plaiiteil  to  rice  and  irrigated  from  the 
])laiit  just  nieutioiied.  The  laud  is  laid  out  in  checks  vai'ying  in  size 
from  0.5  to  8  acres,  the  difference  in  elevation  lietween  the  checks 
Iteing  f).4  foot.  The  hind  requires  10  gallons  ])er  minute  per  acre. 
The  ii'rigation  season  is  from  April  1  to  October  1,  or  abont  120  days. 
The  average  yield  in  1903  was  11  sacks  of  1G5  pounds  each  jht  acre, 
but  in  1!M»4  tlie  owner  ex|)eeted  to  get  14  sacks  per  acre. 

Water  is  admitted  into  the  checks  by  wooden  gates  and  will  pass 
through  about  six  checks  in  serie.s.  Under  favorable  conditions  it 
is  |>ossible  to  irrigate  from  <aie  gate  30  acres  per  day  of  twelve  hours, 
or  in  twenty-four  hours  ."i(l  acres. 

TfiomoM  niHcli. — Mr.  Tbiniias  owns  180  acres  of  rice  which  he 
irrigates  with  a  10-incli  Xfitrris  dnuble-snction  centrifugal  pump, 
rated  al  :5,00(),  but  said  to  delivei'  4.(HM)  gallons  per  inimite.  The  lift 
from  the  river  is  33  feel,  and  the  pump  is  driven  by  a  (iO-horsepower 
sim]de  noncondensing  engine,  which  consumes  8.5  cords  of  wood  in 
twenly-fonr  hours.  The  fuel  used  is  mostly  bottom  oak  and  costs  $2 
per  ciu'd  delivered.  The  average  size  of  the  checks  is  6  acres,  and  the 
plant  oixrates  on  an  average  eighteen  hours  per  daj'  for  the  irriga- 
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from  town,  wliidi  tlu-y  planted  in  rict'.  They  Inive  instalk'd  a 
pninpiuf;  stati<jn  witli  the  foUovvin^j  a|>paratus:  A  l(X)-liorsirjx)W(>r 
Ixiili^r  furnislu'.--  slcnin  at  !(M)  |)oninIs  pri'ssnro  to  n  14  1>y  is  int-h  7;'>- 
liors<*iK)\vfr  ndnt'ondt-nsiiij:;  siinplf  cngiiic.  vvliich  ilrivi's  a  Xo,  12  cen- 
trifugal pninp.  rated  at  5.000  gallons  jwi'  ininiilo.  Tlu'  plant  am- 
snnics  "2.75  cofds  of  oak  in  a  twfdvi'-lioni'  run,  tin-  lift  of  tlic  water 
iKMiig  S3  feet.  Tlie  rici'  irr-igatioii  season  lasts  for  one  liiin<li'ed  and 
twenty  days,  for  several  plantings  of  rice,  and  nsnally  the  plant  is 
operated  twenty-fonr  honrs  [k'i-  (lay.  The  cheeks,  which  vary  in  size 
uj)  to  40  acres,  are  irrigated  hy  passing  tlie  water  throngli  them  in 
series.  The  nniin  eanal  is  40  feet  wide  and  5  feet  deep.  The  plant 
started  Miirch  ■1\.  and  reciuires  an  average  of  'iA  nven  to  irrigate  the 
land  tluHHighotit  the  season.  The  average  yield  is  VA  sjieks  of  rice  per 
acre,  and  the  operation  of  the  power  plant  is  eondncted  by  two  engi- 
neers, one  of  whom  receives  $50  per  month  and  the  other  $1."25  per 
day,  and  two  firemen,  tme  of  whtMU  receives  $1  and  the  other  $l.ii5, 
working  twelve-honr  shifts. 

DtiridMon  t(*  Breedeii  form, — This  farm  consists  of  4ii()  acres,  itJO 
of  which  are  at  present  under  irrigation,  iieing  planted  to  rice.  Irri- 
gation on  part  <tf  the  farm  starts  the  hist  of  A])ril  an<i  on  the  other 
part  May  -JO,  and  ends  .'^epteiidx-r  10.  ,\ll  the  land  is  usually  sown 
1)V  June  1.  Uice  is  cut  alntut  September  IH.  The  pump  station  eon- 
tains  the  following  e()ui]nnent:  One  l'J5-hors4'power  boiler  supplies 
steam  to  a  O0-hoi-si>power  engine  belted  to  a  Xo.  I'J  centrifugal  ]minp 
rated  to  deliver  t(,000  gallons  per  minute  under  a  maxinnuu  lift  ()f 
-2i'>  f<H't.  The  piunp  is  stated  to  deliver  t>,50t)  gallons  per  minute. 
Steam  pressure  curried  is  70  to  SO  pounds,  and  average  daily  run  for 
the  season  of  one  hundred  anti  ten  days  is  twelve  hours.  The  fuel 
used  is  box  elder,  elm.  oak.  [Mfan.  ash,  and  haeklH'rry,  the  jilant  re- 
<juiring  about  40()  cords  jmm'  year.  The  fuel  is  figured  to  cost  $1.50 
per  cord,  as  it  is  cut  on  the  land  rtf  the  ownei-s,  but  were  it  ne*rssary 
to  buy  the  same  it  would  cost  about  $-J.50.  The  o|»eration  of  the  j)lant 
and  general  superintendence  of  the  ditch  require  three  men — fore- 
man, engineer,  and  fireman.  The  foreman  receives  $40  a  month  and 
the  engineer  and  liremau  gel  $(>0  a  month  together.  In  addition  Jo 
this,  four  men  at  75  cents  a  ilay  are  required  for  irrigation.  The 
owners  estimate  that  they  could  irrigate  500  acres  in  ri<'e  with  the 
ad<lition  of  another  engineer  and  tireiuan  to  their  present  force.  The 
average  yield  |>er  acre  is  14  sacks  of  rice.  The  engine,  according  to  a 
test,  delivered  98  indicated   horsepower.     The   Iniiler  consumes  S.-j 
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cnrrls  of  wornl  in  twelve  liour-i.  Tlie  caiiftl  is  about  fiO  foot  wide,  and 
varies  ill  di-ptii  from  -J't  feot  iieaf  the  rivi-r  hank  tn  (*»  fiH't  near  the 
other  end.  Near  the  power  house  there  is  a  lar^^e  til!  and  in  eon.se- 
(|iu'nc('  (he  catial  has  heen  made  cxceedinjjly  deep.  The  lenfjlh  of 
ihi*  eaual  is  ihrce-fuiirths  of  a  mile,  and  it  is  possihle  to  ilraw  the 
water  down  4  feet.  The  eaiial  is  nsed  in  part  as  a  reservoir.  The 
ehecks  vary  in  size  from  5  io  'J")  acres,  the  laterals  nmninir  diajronally 
aeross  (he  same.  The  main  diteli  cost  $:i,;l()0  (o  (■<jn>triiet,  at  H>  rents 
per  yard,  and  the  e<jntraetor  lost  $-250  on  the  work  on  account  of  had 
weather.  A\'ater  is  let  into  each  clieck  from  a  hiteral  ditch  and  then 
i?-  tlraineil  l)ack  into  the  ditch  for-  renewal  of  the  water,  hecause  fresh 
water  is  reganled  as  {^ivinfj  U-tter  results.  It  usually  takes  ubout 
twehe  hours  to  HimhI  the  ehecks.  and  t!ie  water  see[)s  and  evaporates 
in  (lie  Hehls  1  to  i*  inches  per  day.  In  oiu>  part  of  the  field,  which 
had  been  previously  used  for  a  wajjon  road  and  was  nnicli  harder 
than  the  remainder,  (he  firowth  of  rice  was  materially  s(r^^n;rer  tinni 
elsewhere  and  the  same  beneficial  I'esnits  ai'i'  otitained  in  other  places 
where  the  <jround  is  more  compact. 

('n)ii(h  it'  St  hh'itlirr  fiiriii. — 'l"he  (.'rouch  it  Schleicher  farm  con- 
sists of  4(H)  ac-res,  :{<l()  of  wliieh  are  planted  in  rice  and  lOO  in  truck. 
Water  i.s  obtained  from  the  river.  The  [Kunp  installution  consists  of 
one  lOO-horsepower  >J,()(K)-volt  'J-phas*'  motor  belted  to  a  i'J-ineh 
centrifugal  ])ump.  The  lift  is  4(1  feel  and  the  rate  of  flow  about 
4,0()0  gallons  jier  niintite,  Th»'  U-iiffth  of  run  for  the  rice  sea.stm  is 
one  hundred  and  twenty  days,  and  the  pmnp  is  o|>eraled  twenty-three 
and  one-half  hours  per  day,  excc|>t  Sunilay.  when  it  is  shut  down 
from  li  to  1(1  a.  m.  The  pump  is  said  (o  Inive  been  delivering  at  the 
time  of  the  writer's  visit  4..V)0  iralloiis  per  minute,  and  it  was  (akiiiff  a 
c*nrrenl  <d  1)S  am|H'ri's  a(  •i.HOO  V(>lts,  A  steam  I'ligine  liad  also  U'eii 
provide<l  to  take  the  place  of  the  niotor  in  case  anything  should  ha|>- 
pen  to  (he  idectric  power\  such  as  nn  e.\<'essive  ri.s<>  of  the  river,  which 
w*ndil  decrea.se  materially  (he  fall  at  the  dam.  The  boiler  consumed 
fi  cords  of  liottom  wooil  in  twelve  lunu's.  Iiut  deliveii'd  souiewhat  more 
water  than  (he  motor.  The  cost  of  power  was  three-f<Mirths  of  a  cent 
per  luirst'jiower  hour,  wluc'h  is  certainly  very  reasunabh'  consideriufr 
the  conditions,  and  hence  the  cost  of  operation  of  the  electric  [jlanl 
was  about  $i  |)er  hour  for  power.  In  one  hiin<lred  and  twenty  days* 
.•reason  the  averap'  piuu[i  hours  run  ])er  day  was  seventeen.  The 
jyeater  part  of  the  water  was  used  for  rice.  The  ehecks  were  of  1  ttt 
l.">  acres  aiul  (1.4  foot  difference  in  eli>\ation.  As  many  as  (>  checks 
were  irrigated  in  series  from  one  gate.  The  yield  of  rice  was  4..'i(M> 
t'&cks  on  the  300  acres,  or  14  sacks  per  acre,  the  weight  of  I  lie  sacks 
being  IHO  [Kunids. 

The  steam  plant  which  was  put  in  to  take  the  place  of  the  cleclrit; 
plant  consisted  of  one  110-horsepower  engine  and  two  "((-horsepower 
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horizoiUiil  l)oiliM's.  'I'lic  cost  of  the  stt-nm  ])li»ut  wa.s  uljuiit  )fl.O(W. 
Ai-conliiiir  to  llu-  pivsi-iU  luftlnnl  of  opmitioa,  two  iin-n  niii  the  motor 
itiid  pmiri)  ami  four  iiicii  iirc  rt'quirwl  to  run  tlie  steam  ongint'  iiiul 
Ixiilfr.  Four  irrijritlors  wi-i't'  n-ijiiirt'il  to  liaudli'  tlie  watfr  of  tlie 
plant.  Tin.'  cost  of  wood  for  fut'l  wa.s  uhoiil  .")()  ci^rits  per  cord  for  ciit- 
liiig  and  i")  cents  for  haiding  and  would  cost  ntiont  $2  if  purchased 
from  outsiders,  iiul  tin'  w(K)<I  was  cut  on  iho  land  of  the  company. 

Mr.  Mcllciiry,  who  used  to  he  in  charge  of  the  Beeville  .'state  Ex- 
jH-riment  Station,  has  at  present  tsiken  supervision  of  the  truck  farm 
on  this  ranch,  and  the  results  of  the  sanu'  should  he  of  i-onsiderablu 
interest  tt>  the  truck  farnu'rs  as  ilhistniling  liie  possibilities  of  this 
kind  of  farming  on  a  large  scale.  He  use,s  for  a  fertilizer  for  <mions 
100  ])ounds  )tf  hat  gnano  and  .""ino  pounds  of  acid  phosphate  [ler  acre, 
and  ligui'es  that  the  cost  of  tlie  cnltui'e  of  onions  per  acre  is  $27  and 
the  cost  of  gathering  and  sacking  $1  jjer  1,0(K)  pouiuls.  The  depth 
of  water  per  irrigation  for  truck  i.s  l.o  inches,  and  one  man  can  irri- 
gate 2.5  acres  id'  Irnidi  per  day.  t'aljhuge  on  the  ranch  requires 
al)out  three  irrigati<uis  per  year.  j 

VTCTOBIA.  I 

The  country  in  the  vicinity  of  Victoria  is  very  level  and  offers  a 
good  field  for  irrigation  on  a  large  s<'ale.  At  pres4'nt  there  is  only 
one  larg<'  plant  in  this  vicinity,  llioiigh  there  are  several  plants  of 
a  few  hiuulreil  acres.  Rice  is  the  principal  cro])  grown,  and  the  char- 
acter of  the  land  is  ahntist  universally  of  u  hiack.  waxy  consistency. 

The  Virfariit  llhf  (iixl  I  rrii/afjim  ( 'olii  fiiliii/. — The  largest  irriga- 
tion company  in  this  vicinity  is  the  Victoria  Rice  and  Irrigation 
Company,  which  irrigates  nearly  li.CiOO  ac'res  of  land  entirely  de\iited 
to  rice.  The  iiuni|>ing  |)huit  is  siliiated  alioul  s  miles  sooth  of  town 
on  the  banks  of  the  {iiiadalupe.  In  order  (o  lift  the  \vat(!r  to  a 
sufficient  height  for  in-igati<ui.  two  pum|iing  stalions  have  been 
installed,  one  of  which  i-aises  the  water  20  feet  and  discharges  it  into 
a  flimie  l.tOO  feet  long,  fnun  which  the  second  pumping  station  takes 
it.s  water  and  elevates  it  42  feet.  The  flow  of  watei-  is  eslimateih 
when  all  machinery  is  running,  at  .")2,()<M>  gallons  |x'r  minute.  It 
wouhl  surely  havi-  been  far  ciieajier  to  have  installed  all  the  ap- 
jjaratns  in  tuie  (jowcr  hou>e  and  to  have  used  a  sidhciently  large  ])ipe. 
to  have  conveyed  the  water  to  (he  I'anal.  The  iloiihle  installation 
ninl  o[M'rating  ex|)eiise-s  Iwth  con.sjiire  to  )>iit  a  considerable  ad<li- 
tional  burden  mi  the  [>lan(. 

The  ef|Mi]itiient  of  tlie  ]>uinping  stations  is  as  folhvws:  The  |)lant 
near  the  river  has  two  Hi  by  24  engiLics  of  [sO  horsepower  each, 
Ixdted  to  a  centrifugal  |ium[i.  .)0-inch  dischai'ge,  of  the  open- 
nuiner  type:  three  2.")n  horsepower  boilers  furnish  steam  for  this 
power.     The  iipj)er  plant  contains  two  Corli.ss  engines  of  .'V70  horse- 
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power  eafh,  each  of  whirh  (spornlos  l>y  «  rope-drivo  a  centrifugal 
pump  of  :W-iiR-li  disc'liarjn',  ili'livcriiifr  ii(l.(MH)  iralluiis  \k'v  miiiiiU", 
the  pumps  lieing  the  same  as  those  in  the  lower  power  liotise.  Tlie.se 
enjriiii's  were  lioufrhl  secundhand  and  they  leak  so  hadly  that,  al- 
though jet  condensers  Inive  l>een  installed,  it  is  impossible  to 
operate  them  on  account  of  the  leakage  of  air.  The  bttiler  capacity 
of  the  second  plant  consists  of  a  battery  of  nine  7:i-ineh  by  IH-foot 
horizontal  niultitubnliir  boilers  of  IHO  horsepower  each.  One  hun- 
dred and  ten  pounds  steam  pressure  is  carried.  The  fuel  is  Saur-Lake 
oil,  which  i>  jiumpeil  from  the  nearest  railway  station  7  miles  <lis- 
taul  llirough  a  2-ineh  jiiiie.  An  outside-parked  plunger  pump  is 
used  for  this  purpose  and  uses  a  pressure  of  450  |>ounds  to  the  square 
inch.  This  will  deliver  two  cars,  or  14.UO0  gallon>,  uf  oil  on  a 
twelve-hour  run.  The  jwessure,  of  coui'se,  will  depend  more  or  less 
ou  the  temperature  of  the  ground,  but  fortunately  this  oil  is  rather 
thin  and  is  not  atl'ecled  tit  anything  like  thi'  extent  of  the  California 
oils  by  the  cold.  In  July  the  cost  of  the  oil  delivered  to  DeKosta, 
the  neai"est  railroad  station,  was  SO  rents  a  barrel  of  4-J  gallons. 
The  fuel  consumed  by  the  twi>  plants  is  about  \M  barrels  per  day  on 
an  average,  thcaigh  with  ciuiliniiou?.  I'unning  at  full  capacity  alxviit 
300  barrels  are  requii-ed  in  tweuly-four  hours. 

In  the  year  ii>04  3.(100  acres  were  planted  to  rice. 

In  addition  to  the  lanti  watei-ed  by  the  main  ami  lateral  ditches 
there  are  300  acres  lying  above  the  available  water  supply,  which 
are  furnislied  with  water  by  a  Menge  |)unip  driven  by  a  traction 
engine  and  lifting  11,000  galliais  per  minute  4i  feet.  The  engine  is 
18  horsepower  and  runs  in  the  daytime  only.  The  main  canal  of 
the  company  is  100  feet  wide  by  3  fw^  deep,  not  counting  the  borrow 
pits  which  are  on  the  inside.  It  costs  aljoiit  $1.2o  jK-r  acre  to  disk 
and  plow  wa.xy  laud.  One  num  irrigates  about  '2a  acres  a  day,  and 
the  [)lant  is  of  suflieient  capacity  to  irrigate  "(.OOO  acres  if  desired. 
P'ive  thousand  three  himdred  acres  are  owned  by  the  company,  but 
not  all  mider  cidtivation.  The  checks  are  laid  out  3  to  25  acres  in 
size.  The  total  yield  of  riw  was  4M,000  bags  of  180  pounds  each, 
or  13.3  bags  per  acre.  The  company  furnishes  water  to  the  cus- 
tomers for  one-fifth  of  the  crop  nnd  rents  land  under  the  same  terms. 

MfKoij  riinrh. — Situated  ii  few  miles  to  the  northeast  of  th(>  Vic- 
toria ])roi)erty  is  the  ranch  <if  Mr.  McKoy.  on  which  two  well-pumping 
stations  have  been  in.sialled.  The  owner  intends  to  raise  alfalfa  and 
exj>eets  to  get  ain])le  sn]>ply  from  wells  to  make  this  venture  a  finan- 
cial succe.ss.  The  first  vein  of  water  in  the  wells  is  at  a  tle{)th  of  30 
fPet.  At  45  to  50  feet  there  is  a  stronger  vein,  from  which  tlie  water 
ri.ses  to  the  30-f<K>t  level,  as  also  at  (>5  and  at  SO  to  100  fct't.  The  last- 
named  stratum  is  composed  of  gravel  and  the  up]>er  water  strata 
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are  of  sand.  The  tiist  slnitiim  is  aljont  '.\  to  ."»  feet  thick:  the  s«'cimJ. 
7  to  8:  thf  third,  s  to  1-2.  and  tli.'  fniirth,  3  to  10  feet.  Tlir  inimping: 
plant  had  bwn  rofoiitly  iiistullod.  In  pmnp  station  No.  1  was  a 
No.  5  ci'iitrifnfral  iiuiitp  set  at  a  dt'|>th  of  '.W  ff<'t,  ih'ivfn  hy  a  "lO- 
hoi-sepower  i'n{j;iiK'.  wliicli  di'fw  tlic  water  down  2\i  fwt  and  dvlivcred 
a  flow  of  flOO  grallons  per  minute.  In  |)hml  No.  i  was  a  No.  (?  oentrif- 
iifjal  pnnip,  also  set  in  «  pit  (">  fwt  Hjnaiv  and  'M'>  foot  iiclnw  tlio 
ground,  driven  by  a  ;ir)diorse])(iwi'r  traction  engine.  The  well  for  tliis 
plant  was  !>0  feet  deep  and  water  was  foinid.  for  tlie  most  part,  in 
gravel  Ix'tween  "H  and  !'()  feet.  A  lif-incli  strainer  4'J  feet  long  was 
put  in  the  well.  The  water  was  ilrawn  (.lown  to  (>0  feet  from  the 
surface  when  delivering  a  flow  of  500  gallons  per  minute. 

MrCiiii  ftiriii. — Mr.  MeCan  has  an  irrigated  farm  within  the  town 
limits  of  Victoria.  .\  -ldiorsep()wer  gasoline  engine  operates  a  deep- 
well  pump.  0  liy  '21  inch  cylinder,  rnnnmg  30  strokes  per  minute, 
delivering  water  fron)  a  well  ll.'i  fi'ot  deep.  The  (juantity  delivered 
is  70  gallons  per  iniimte  and  the  engine  consumes  10  gallons  of  gaso- 
line in  twenty-foiu'  hours.  The  cost  of  gasoline  is  18.5  cents  per 
gallon.  The  pmnp  delivers  its  waters  into  a  reservoir  of  about  0(t 
feet  bottom  diameter  by  it.j  feet  deep,  holding  ;i(H).000  gallons.  The 
pump  will  fill  the  reservoir  in  seventy-six  hours'  continuous  run.  and, 
.starting  with  the  resiTvoir  full,  will  irrigate  8  acres  in  three  and  one- 
half  days.  Water  stands  'I'.i.')  feet  Indow  the  gi-ound  level  without 
flow,  and  the  suction  pipe  of  the  pump  is  submerged  12  feet  under  these 
conditions.  The  discharge  pipe  is  K  feet  above  the  ground  level. 
The  surface  soil  is  '2  to  3  feet  thick,  and  the  ground  will  yield  T)  tons 
of  alfalfa  hay  in  six  cuttings.  The  jilant  irrigates  20  acres,  the  land 
usually  receiving  liin'e  irrigations  a  year. 

Sellt/nuu  plniit. — Mr.  Seligson  has  a  farm  of  .jU  acres  which  he 
irrigated  by  pumping  water  fi-om  a  dug  well  (i  by  8  feet,  34  feet 
deep.  A  l.T-horsepower  gasoline  engine  was  us«jd  to  drive  a  No.  4 
centrifugal  [>uinp,  which  lowered  the  water  5  feet  in  the  well.  The 
water  was  found  in  sand  and  gravel.  In  the  center  of  this  well 
another  well  "2:10  foot  deep  was  put  down  with  lU'-inch  casing.  With- 
out pumping,  the  water  in  the  well  stood  '25  feet  from  the  giound. 
The  cost  of  gascdine  for  operating  this  plant  was  $4  for  twenty-fmir 
hours,  the  jirice  of  gasoline  being  18  cents  per  gallon.  f)f  tfiis  farm 
40  aci-e-s  were  ])lanted  in  rice  and  10  in  truck.  The  rice  irrigation 
se^ison  lasted  one  hundreil  days  and  one  luan  was  able  to  attend  to  all 
the  work.  The  gross  yiehl  of  rice  Avas  HO.(MH)  pounds.  .\t  $1.75  per 
barrel,  the  priw  of  rice  late  in  the  season,  this  farm  was  just  able  to 
pay  expenses. 

Laiii/er  d-  li'dthfioiif  phtfi'. — About  4  miles  from  ^'ictoria  is  a 
plants  owned  ljy  Lander  &  Kathboue,  irrigating  (U  acif.s.     Kice  and 
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wo  crops  •rrowii,  the  _vic'l<l  of  T'ico  iK'inp^  18  to  \iO  l>;irrels 


corn  ttre  tlio  t 

per  iii-iv.  WutiT  is  taken  fr<nii  ii  liikc  luljoiiiiiij;  the  Hchl.  Tin-  (twiii'rs 
I'stiniati'  the  .size  of  the  Iiiki-  as  follows:  Ijt'nfrtli.  2  milfs;  average 
widtli,  -IM  yards;  nvcrafre  ilejitli,  I'i  feet.  The  avern<i;e  lift  of  water 
is  1-2  feet,  and  it  is  elevated  \>y  a  centrifiifral  pinu])  driven  hv  a  Hi- 
horsi'povver  traction  engine.  The  pump  delivers  I;")*)  •ralloiis  per 
minute.  The  [jlunt  is  o]RTiitecl  day  and  ni^ht  until  the  land  is  Hooded, 
and  lliereafter  ulioitt  ten  hours  per  day,  the  fuel  etnisnniption  heing 
0.08  cord  per  hour.  Rice  was  planted  April  1  and  the  pumps  were 
starter!  May  l'"'.  The  leiifrth  of  the  iri'iiration  s<'ason  is  ninety  days. 
The  operation  of  the  phint  reipiifi'd  one  g>unip  man  and  one  irriji^iitor. 
The  overflow  from  (luadalupe  River  helps  largely  to  lill  the  lake. 
The  centrifugal  jjump  is  of  the  vertical  type  anfl  is  corn[ileteIy  suh- 
nierged.  It  requires  twelve  days"  continuous  running  to  Hood  the  land 
thoroughly. 

Hdfin  f)inii. — Ahoul  8  miles  northeast  of  Victoria  is  the  irrigation 
plant  of  Mr.  Davis,  whicli  consists  of  three  puni{»  stnlions  one-fourth 
of  a  mile  apart,  which  irrigate  l>0  to  7.5  acres  of  rice  per  well.  The 
Kurface  soil  is  (>  to  II)  inches  deep,  with  a  clay  subsoil.  The  nverag*' 
yield  is  10  sacks  per  a<'re,  althougli  it  was  said  lust  year  that  as  nnich 
as  18  sacks  per  acre  was  jjrtMluced.  The  ])umping  |)!aiits  are  run 
continuously,  two  men  being  required  for  eacli  plant,  as  they  work 
twehediour  shifts.  I'lant  Xo.  1  was  throwing  'M}U  gallons  jjer 
minute,  as  estimated  by  the  writer,  and  I'onsuming  4.5  cords  of  woo<l 
in  twenty-foin-  hoin-s;  |)]nnt  No.  i2  was  not  giving  moi'e  than  one-half 
this  auioinit  of  watei-.  with  the  sauu'  fuel  consum))tion.  and  Xo.  3 
was  delivering  ;i()0  gallons  per  minute,  with  a  fuel  consumption  of 
3  c()rds  foi'  twenty-four  hours.  The  cost  of  fuel  is  $!..")()  per  cord. 
Each  jiuniping  pinnt  has  a  steam  engine  of  :Ut  horsepower  ilriving 
a  Xo.  t)  vertii-nl  centrifugal  pump  set  at  the  Ixittoru  id'  a  [til  SO  feet 
deep.  In  the  iMittom  of  each  ])it  was  suid-c  uii  o])en-bottom  well  with 
8-iiich  casing.  The  first  water-bearing  stratum  lies  between  W)  ami 
120  feet  from  the  surface  and  is  1.5  feet  thick,  consisting  of  Hne  sand. 
At  a  deptli  <»f  "JTO  feet,  which  is  the  de|)th  of  the  wells,  there  are 
about  .")()  feet  of  the  same  kind  of  sand.  The  water  in  tlie  wells 
slauds  without  f(<iw  17  feet  from  the  sin-face  of  the  gi'ound.  anfl  is 
lowered  -JO  feet  i>elow  the  level  of  liie  pLUlljis.  The  total  lift  is 
nliout  J3  feet.  The  land  is  laid  off  in  checks  of  "J  to  -10  acres,  with 
4-inch  differences  in  level. 

Konrii  riiiir/i. — About  fi  miles  east  of  liu'z  is  the  ranch  of  Mr. 
Keeran.  This  is  at  present  used  as  a  stock  ranch,  none  of  tlie  land 
being  under  cultivation.  Xmnerous  artesian  wells  of  very  shallow 
de|>th  have  been  put  down  <ui  the  ranch.  Tlie  following  may  be 
regarded  as  the  average  strata  encountered  near  the  ranch. 
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U  to  8  feet,  siiil. 
10  feet,  Hiw  wiitor  siiml. 
10  to  ."Kt  foet.  red  clay. 
20  fwt,  tine  water  siind. 
lU  to  ."><»  fivt.  wiiite  cliiy. 

20  feet,  wiiter  wiml  slightly  timrMer  wltli  blnek  Kpecks. 
HH)  fe»'t,  liiilipi-tiliie  chiy. 
20  fi-el.  coiirwr  water  siiml. 
100  feet,  blue  c-lny. 

20  feet,  ll^ht  tirtpslnu-wiiter  sniid;  licttcr  iiuiillty  lias  black  sjiecks. 
50  to  'JtNi  fii't,  wbite  flny. 
20  feet,  dirty  sand. 
200  feet.  clay. 

25  to  :«t  feet,  eoarse  artesian  sand  witli  Idar-k  specks.     Tliis  artesian  stratutn 
some  plact's  bas  a  static  pressnrc  of  17  innrnds  to  tlic  winare  lin-li. 
201)  feet,  blue  clay. 
30  ftH-t.  itiMrse  arteslan-waler  sand.     Pressure  al>oiit  20  iMiunds. 

Ill  low  pliu'iv'S  on  tlie  ranch  afte.siaii  water  hits  Iweii  obtiiiiied  iit  the 
foUowinjf  depths  from  the  stirface,  some  of  the  flows  Imng  small, 
however:  17,  r>0.  l'>7,  1^0,  114,  148,  -iOJ.  >2l''.',  4-_>r.  feel. 

All  these  wells  fjjive  ofl'  an  odnrle.ss  fuel  gun,'  Tlie  wells  already  ])iit 
down  are  of  small  diamt'tor,  Iwiiig  desifiiied  for  stt.ek  purposes  only, 
conseqiu'iil  ly  pive  small  flows.  The  nu'lhod  em[>loyc'd  in  finishing 
tlit'.sf  wells,  which  lune  been  put  down  fiy  hy<lranlic  (H'dci'.ss,  is  lo 
support  the  casing  on  tof)  and  pitinp  fknir  water  for  some  tiini>  down 
the  well  and  up  ar«Mind  the  outside  (tf  the  casing  in  order  to  wash  the 
clay  out  uf  the  saiul  and  .set  the  easing  proi>erly.  The  wells  are  all 
open  Ijfjttom. 

(Jarai'itns  Creek,  which  runs  tliroii£;h  (he  Keraii  ranch,  carries  a 
coiisideridile  (jtiatitity  of  drainajrc  water  at  the  time  of  rainfall  and 
could  Im>  utilized  as  a  reservoir  \i\  u  dam  estimated  at  O.T"*  mile  long 
and  '.^0  fwt  hif^li.  lo  store  water  l.">  feel  dee|)  on  7,0(1(1  acres. 

Bciiiwft  it"  Went  I'durh. — This  laml.  near  hy.  has  the  following 
wells: 

2-liich  well,  '.VM\  feet  de<'ii.  dellverinK  2(1  K»llons  jht  minute. 
2-lueb  well,  ,'>(»  feet  i1»h>ii,  deliveriiiK  !t  gallons  per  iniinite. 
2-liirb  well.  327  feet  deep,  dellverliiK  :«(  Rallons  [icr  tnlimte. 
Well    (t2-ln«'b.   :«ki    r.vt  :  'l-lncli.   :«K1    feet;  ilin-b.   21(i    r.-<'t),   000   feet   d.-ei>, 
delivering  l.Vt  pillons  per  nilnnle. 

DiieHHe  rinir/t. — Within  a  few  mile.s  of  the  Keeran  ranch  is  that  of 
Mr.  Diies,se.  A  well  S.'iO  fcc(  deep  furnishes  artesian  water.  The 
well  was  sunk  ril;>  feel  with  ."(-inch  casing  and  the  remaining  distance 
with  2-ineli.  This  well  sn|)plies  lioth  water  and  gas  and  is  Hse<l 
mainly  for  the  hoitsc  of  the  owner.  It  has  a  sialic  head  of  28  feet 
above  the  ground  level  without  fl()W  and  will  deliver  on  the  ground 
30  gallons  jxt  minute.  Tlie  water  from  the  well  goes  into  an  ele- 
A'ated  tank,  in  which  is  also  placed  a  sheet-metal  drnm  for  collecting 
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the  pas,  which  is  pippcl  into  thf  house  iind  used  for  fiu'l  ami  lighting. 
The  giis  bums  with  ;i  hhiish  Hauie  luul  is  used  with  ii  AVelsltach 
mantle  for  light. 

Liivrjhfer  tt'  Shiion  niiirh. — About  -i  miles  norlh  of  Mr.  Duesse's 
place  is  a  j)umped  well  which  irrigates  150  acres,  belonging  to  Laugh- 
ter &  Simon. 

(REEKS. 

Tn  the  country*  lying  along  the  coast  of  Texas  from  Port  Lavaca 
to  the  nuiuth  of  Aransas  River  there  are  many  creeks  and  streams 
emptying  into  the  (iulf  which  are  dry  except  in  times  of  rain.  The 
run-oJf  of  much  <if  this  laud  is  relatively  large,  as  tltere  is  l>ut  little  to 
retain  the  water.  Some  of  these  creek  beds  and  valleys  could  be 
damnietl  to  store  this  water  which  now  runs  to  waste.  Generally 
speaUiug,  however,  such  uudertnkings  would  reiiuire  fairly  long  dams 
of  motlerate  height,  aiul  in  order  to  utilize  the  water  on  the  land  puniii 
stations  would  have  to  Ije  installed.  As  the  region  is  liable  to  rain 
storms  of  occasional  severity,  it  is  of  fii-st  importance  to  provide  ample 
spillways  to  take  care  of  the  water. 

The  Clark  Irrigation  Comjiany  near  Port  Lavaca  is  the  only  case 
of  any  note  in  which  a  dam  has  been  built  to  utilize  water  stored  in 
this  manner.  It  has  been  estimated  tluit  its  reservoir  capacity  is 
2.000  acres,  with  an  average  depth  of  12  feet,  and  the  watershed 
supplying  the  same  •22  by  20  miles.  The  reservoir  is  sitpjilied  by 
Placado  and  Agida  creeks.  It  is  claimed  that  14,000  acres  can  bo 
irrigated  with  this  storage.  At  i)resent  l,;iOO  acres  of  rice  ami  200 
acres  of  corn  are  Ix^ing  irrigated.  The  latter  was  irrigated  once, 
and  the  yield  is  estiuuited  at  2.'>  bushels  ])er  acre.  The  comjiany 
have  also  300  acres  in  cotton  not  irrigated. 

From  the  engineering  standpoint,  tlie  pum]>ing  station  is  a  decided 
improvement  over  all  the  other  stations  in  this  part  of  the  country. 
Two  water-tulie  boilers  su|>ply  steam  at  125  ponmls  pressure  to  a 
cross-compound  condensing  engine  of  2.'t0  horsepower,  which  is  direct 
connected  to  a  SO-inch  centrifugal  pump.  The  output  of  the  i)uinp 
as  run  at  present  is  30,000  gallons  ])er  minute.  This  output  can  in* 
doubled  if  desired.  The  station  is  operated  three  days  a  week.  The 
fuel  ccmsumption  for  twelve  hours  is  8  ban-els  of  oil.  Six  days'  run 
of  twelve  hours  each  are  rccpiired  to  kee])  1,300  acres  flooded.  The 
pumps  were  run  about  sixty  days  during  the  season.  The  lift  varies 
from  23  to  31  feet,  the  average  U;ing  2!)  feet. 

The  main  canal  is  CO  feet  wide  and  4  to  11  feet  deep.  Water  is 
taken  into  this  by  a  flutue  C.  feet  wide  and  3  feet  dt>ep.  into  which  the 
pump  discharges.  The  laterals  are  run  on  contours  and  irrigate  by 
passing  the   water  through  several  checks.     The  fields  are  divided 
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into  o.lipcks  of  various  sizes,  the  largest  one  l)eing  20()  acrp.s.  Tlie 
contour  cln'i-Us  arc  2  to  t)  inclics.  The  riu'cks  can  Ih'  drainoil  hy 
draws,  which  return  tiie  water  to  the  reservoir.  Corn  is  irrigated 
by  furrows  IMK)  to  400  feet  long. 

The  operation  of  the  phint  recjnires  one  fireman,  one  engineer  for 
the  power  house,  four  irrigatoi"s,  ami  four  additional  men  to  make 
necessary  repaii-s  to  ditches,  etc. 

In  l'JO:J  the  average  yield  of  rice  was  15  sacks  ( IHO  puimds  cai-h) 
per  acre,  the  highest  yield  lieing  'M  sacks. 

The  CtarU  dam  is  situated  a  short  distance  helow  the  jiniction  of 
Placado  and  .Vgula  creeks.  It  is  alniut  0..")  mile  long.  4  feel  wide  on 
top,  front  slope  1.5  to  1,  and  hack  slope  2  to  1,  and  is  Imilt  of  dirt. 
As  originally  consli'iicted  the  ilani  had  a  wastewny  cut  in  the  <;lay 
Iwnk  near  one  end  wliicli  was  int<'iided  to  carry  off  tlie  sui'plus  water. 
However,  in  time  of  heavy  rain  tliis  wasleway  was  t'ut  out  and  let 
out  all  the  water  (hat  was  in  the  reservoir.  After  this  accident  the 
wasteway  war>  filled  tij)  solid  and  a  wooden  s])ilhvay  ahoiit  400  feet 
long  nnule  in  the  center  of  the  dam.  The  spillway  was  double 
lx)arded  on  top  wilti  1-inch  and  l.ri-inch  jdanks  and  on  the  down- 
stream side  provideil  witli  sacks  filled  with  sand  for  taking  the  impact 
of  the  water  and  |)revcnting  wash.  The  wings  of  the  dam  are  made 
of  'J-inch  ])lain  sliwl  piling. 

Hit/  Cfiiiritliid-  Civfk. —  It  has  been  i'hiiuie<l  that  Big  C'luK'olate 
Creek,  which  empties  into  Chocolate  Bay  a  few  miles  from  Port 
Lavaca,  could  also  Im'  used  as  a  storage  basin  by  putting  a  dam  across 
the  lines  of  the  grade  of  an  old  railroad  which  formerh'  ran  to 
Indianola. 

.Vofilc  if*  W/Jxoii. — Xoble  &  Wilson  have  a  |iuui[)ing  plant  near  the 
mouth  of  Lavaca  Kiver,  from  whicli  they  irrigate  '2M  acres  of  rice. 

CConnor  ranch. — In  I  he  eastern  part  of  Refugio  County  is  the 
stock  ranch  of  Mr.  O'Cotmor,  where  several  artesian  wells  have  been 
sunk.  Artesion  water  is  obtained  at  depths  of  SttJO  to  1,-JOO  feet  in 
fine  sand.  The  wells  nn^  of  7  to  10  inch  casing.  About  30  feet  of 
fine  sand  c<jnstittiles  tlie  main  ai'tesian  stratum,  although  small  arte- 
sian strata  may  be  found  higher  up.  The  formation  through  which 
the  wells  pass  is  very  hard  and  drilling  is  e.\|K.'nsive.  The  wells  have 
been  ])ut  down  by  rotating  the  casing  with  a  cutting  sIkk*  on  the  cud 
of  it  and  utilizing  the  hydraulic  process  iuv  forcing  the  cuttings  up 
the  out-side  of  the  casing.  The  wells  are  provided  with  strainers  of 
smaller  diameter  than  the  casing,  consisting  of  perforated  joints  of 
casing  over  which  is  a  layer  of  wire  gauze  covered  in  turn  by  a  layer 
of  perforated  bra.s.s.  The  cast  of  these  wells  was  $1  jjer  foot  per 
I -inch  <liam<'ter  of  casing,  with  a  guaranty  to  go  at  least  1,000  feet. 
They  are  said  to  yield  30  to  '200  gallons  per  minute. 
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Among  tile  otliiT  iirtosian  wells  and  attempts  to  obtain  the  same  in 
this  vicinity  may  be  mentioned  the  following: 

Waterworks  well  at  Victoriu.  artesian  water  HKn  anil  1.0(i2  feet 
deep,  found  in  fine  sand,  givinjr  a  How  of  100  gallons  jx-r  minute. 

In  Gonzales  Connty,  near  Pilgrim,  a  well  was  put  down  1.40-2  feet 
without  getting  water. 

At  Sinton.  on  the  San  Antonio  and  .\ransjis  Pass  Railroad,  a  well 
was  sunk  l.H«0  feet  for  J.  .1.  Welder.  While  no  artesian  flow  res^ulted, 
yet  at  the  900- foot  level  a  supply  of  pump  water  was  obtained. 

SAN  ANTONIO.  ^M 

Irrigation  at  San  Antonio  was  begim  by  the  Spaniards  and  mission 
fathei-s  many  yeai-s  ago.  and  s»>me  of  their  original  ditches  are  still 
in  use.  In  the  earlier  ilays  sufHciont  water  was  obtained  l)y  gravity 
from  the  San  Antonio  River — which  is  the  main  source  of  supply — 
to  perform  all  the  desired  irrigation,  but  siiuv  the  discovery  of  arte- 
sian water  irrigation  has  taken  on  a  new  as|KHt  and  the  fiehl  for  the 
same  has  widely  incn?ased.  Pumping  plants  have  also  been  installed 
on  many  of  the  wells  situated  aliove  the  level  of  the  water  plane, 
where  no  artesian  water  was  available,  as  well  as  to  increase  the  flow 
from  artesian  wells.  At  many  places  along  the  San  Antonio  River 
pum])ing  stations  of  considerabli' capacity  have  Ixvn  installetl,  increas- 
ing greatly  in  value  the  lanil  which  they  irrigate.  San  .Vntonio 
itself,  in  addition  to  being  the  largest  city  in  Te.xas,  is  the  natural 
commercial  i-enter  of  a  largi'  s*>ction  of  the  richest  land  in  the  State, 
n)uch  o{  which  is  at  present  in  an  undevelo|)ed  state,  and  the  city 
is  destined  to  grow  considerably  with  the  development  of  the  sur- 
rounding country.  The  most  important  feature  in  j)romoting  this 
residt  is  the  irrigation  of  lands  now  arid. 

The  San  Antonio  River  has  its  source  in  springs  a  few  miles  from 
the  city.  There  ar»'  thr»'o  ditches  which  at  pnvsent  derive  their  water 
by  gravity  alone  fi*om  the  river.  The  ri>jKT  I.^lH)r  takes  it**  water 
from  the  river  at  a  ]x>int  alwut  a  mile  below  its  sourve,  on  the  right 
bank.  This  ditch  was  formerly  owned  by  the  city  and  ran  past  the 
International  and  Great  Xorthern  deiK>t,  but  at  present  it  is  owned  by 
22  truck  gardeners,  who  fomie^l  an  association  and  charged  $2  an 
"hour"  thn>e  times  a  month  throughout  the  year  for  the  use  of  the 
entire  flow.  The  length  of  the  dit<'h  has  l»een  cut  ilown  to  3,000 
yards.  This  ditch,  which  was  originally  built  by  the  Spaniards 
many  years  ago.  is  «!  feet  wide  on  top  and  3..">  fwt  deep,  and  water 
runs  alx>ut  '2  fet>t  deep.  It  is  said  to  deliver  i.'.000.(H>1  to  4.000.000 
gallons  per  day. 

Within  the  city  liniits  of  San  .Vntonio  are  the  ."^an  Pedro  Springs, 
which  belong  to  the  city.     There  are  altogether  seven  springs,  fi\e  of 
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which  are  in  rock  and  two  in  sand,  furnishing  a  snpply  of  2,000  gal- 
lons per  minute.  Of  this  amount  one-fourth  runs  through  the  town 
in  the  lower  ditcli  and  goes  to  waste.  One  tliousiuid  live  lumthvd 
gallons  per  minute  are  used  in  the  Sun  Pedro  diteh  and  a  hrauch 
ditch,  for  irrigation,  these  two  dividing  the  flow  Ijetween  them  abt)ul 
evenly.  Water  is  sold  in  shares  known  locally  as  "  hours,"  each  of 
which  entitles  tlie  jjureluiser  (o  the  entire  How  of  the  ditch  for  one 
hour  three  times  a  month  throughout  the  year.  The  annual  charge 
is  $2  per  "  hour."  which  is  equivalent  to  $'2  for  thirty-six  actual  hours' 
How  of  the  ditch.  On  the  main  ditch  two  hundred  and  forty-four 
"  hours  "  of  water  were  sold  during  1903  and  27-t  acres  were  irrigated ; 
on  the  branch  ditch  one  hundred  and  forty-three  "hours'"  lyf  water 
were  .sold  and  150  acres  irrigated. 

About  (}  miles  fi-uin  San  Antonio  in  the  vicinity  of  the  hot  springs 
are  the  heads  of  the  San  Juan  and  Ksj)ado  ditches,  which  are  over 
ir»0  years  ohl.  San  Juan  dtteli  is  im  the  east  side  (if  (he  river  and  is 
said  to  ha\'e  a  How  of  4  cubic  feet  jjer  second.  It  irrigates  500  acres, 
thus  giving  the  entire  How  one-half  honr  per  acre  once  cvt'ry  ten  days. 
The  ditch  was  uriginally  7  miles  long,  hut  has  been  cut  down  to  3 
miles. 

Espado  ditch,  which  is  on  the  west  side  of  the  river,  irrigates  fiOO 
acres,  the  How  of  water  and  conditions  lieing  alx>ut  the  same  as  under 
the  San  Juan  ditch.  The  laiul  irrigated  by  this  ditch  is  all  in  small 
holilings  and  the  owners  of  the  land  also  own  the  ditch,  which  was 
originally  12  miles  long  but  has  been  cut  ilown  to  5  miles. 

These  two  ditches  are  practically  the  same  size — 5  feet  wide  on  top. 
4  feet  on  the  Iwttom,  and  .T  feet  deep,  with  a  gi'ade  of  1  foot  ])er  mile. 
Water  runs  aboiU  1..")  feet  deep  in  the  ditclies.  The  (low  from  these 
ditches  is  considered  hardly  suflicient  for  the  irrigation  of  the  land. 

Tire  main  crops  grown  arc  truck,  corn,  i-otton,  ribbon  cane,  and 
alfalfa.  The  l)ed  .system  is  used  for  the  irrigation  of  cane,  alfalfa,  and 
grain,  the  checks  lieing  10  feet  wide  and  300  to  (iOO  feet  long,  with  a 
fall  of  about  3  inches.  The  other  crojis  are  irrigated  by  the  furrow 
system.  It  takes  the  How  of  the  ditch  one-half  hour  to  irrigate  1.5 
acres  by  the  furrow  system,  while  the  same  length  of  time  will  irri- 
gate oidy  1  acre  by  H<M>ding,  The  soil  is  1  to  ;?  fed  deep,  with  clay 
subsoil.  The  frequency  of  irrigation  in  dry  peiiuds  with  different 
crops  is  alxiut  as  follows: 

Pays. 

Com  nml  cottnti 20-30 

Cane 10-15 

Tniek 10 

Numerous  artesian  wells  in  the  vicinity  of  San  Antonio  derive  their 
supply  of  vvalcr  from  caverns  iu  the  rock  at  depths  of  <>00  to  SOO  feet, 
["he  undergrouiul  connection  between  the  different  wells  api>ears  to 
30(520— No.  1.58—05 26 
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be  very  free  and  ivsnlts  in  the  static  pifssurt'  iieing  practically  equal 
in  wells  which  are  several  nule,s  apart.  It  is  coinnittiily  supposed,  and 
without  doubt  is  tho  casp,  tiiHt  these  artphian  wells  derive  their  sup- 
ply of  water  from  tlie  siinie  strata  as  the  water  whiili  forms  the  San 
Pedro  Springs  ajid  the  headwatei-s  of  San  Atitonio  River.  ■ 

San  Antonio  River  is  said  lo  have  fallen  very  eousiileralily  in  flow 
fince  the  nuiiiurous  wells  have  l>een  sunk  in  tin-  surrounding  eountry. 
and  thi.s  is  conunonly  attributed  to  the  flow  from  these  wells  having  fl 
diminished  tlie  subterranean  supply.  During  the  drought  of  1898 
San  Antonio  River  went  entindy  dry.  foi'  the  first  time  since  1875, 
and  remained  so  imtil  ISKXK  In  this  period  the  output  from  the  wells 
decreaseil  (•onsidt'ral)Jy. 

Among  the  varicais  wells  and  irrigation  plants  in  the  vicinity  of 
San  Antonio  nuiy  be  mentioned  the  following: 

On  the  river.  •i..5  miles  north  of  town,  is  a  farm  belonging  to  the 
ej^tate  of  H.  H.  Kainpnian,  which  is  leased  by  l^inis  l^Oir.  The  I'pper 
I.«bor  ditch  runs  along  the  border  of  the  fiehl,  which,  however,  de- 
rives its  water  supply  from  n  10-inch  artesian  well  l.l>i()  feet  <leep. 
Artesian  water  is  found  iu  ii  limestone  fornuition.  The  well  is  ca.sed 
for  854  feet,  the  renuiinder  of  the  hole  being  in  rock.  When  first  put 
down  the  well  liad  a  static  head  of  11  feet  above  ground  level.  At 
present  it  is  said  to  discluirgi'  7(H)  gallons  per  miiuite.  During  the 
drought  of  1898  the  well  ceasi'd  tcm|»onirily  to  flow.  Thirty-five  acres 
;ire  irrigjited,  but  it  is  considered  that  tlie  flow  of  water  is  hardly 
suflicieut  for  this  area  without  rain,  and  that  under  these  conditions 
the  well  will  irrigate  20  acres  of  truck.  A  reservoir  wliich  stores 
twelve  honis'  flow  will,  with  four  hours'  udilitioiuil  flow,  irrigate  2 
acres  in  four  hours  by  the  furrow  system.  The  furrows  are  l.")0  yards 
long,  and  the  time  required  for  the  water  to  run  through  them  is  one 
and  one-half  to  two  honi-s.  Mr.  Ixdir  irrigates  every  ten  days  in  dry 
weather,  and  iu  the  suuuner  starts  at  o  p.  m.  to  avoid  irrigating  when 
the  ground  is  excessively  hot. 

The  city  waterworks  of  San  .\ntonio  have  three  ]3umping  stations 
which  derive  their  supply  from  iirtesian  wells,  the  water  being  deliv- 
ered direct  into  the  city  mains.  In  addition,  there  is  a  reservoir  into 
which  the  siwplus  water  from  the  pumps  flows.  One  of  thes<'  jiump- 
iug  stations  is  situated  near  the  head  of  San  Antonio  River  and 
utilizes  the  water  power  of  the  river  for  driving  the  pumps.  The 
capacity  of  this  station  is  ;?.(TO(),000  gallons  \wv  day. 

The  secotul  station  is  situateil  about  2  miles  nearer  town,  on  the 
river,  and  likewise  derives  its  supply  from  artesian  wells,  which,  like 
rdl  the  others  in  the  vicitiity  of  .San  .Vutouio,  are  o|x»n  bottom.  At 
this  .station  there  are  three  8-inch  wells  and  one  12-inch  well  800  feet 
deep.    Water  without  pumping  at  present  stands  7  feet  above  the 
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ground  level.  AMien  the  pumps  are  running,  delivering  3.100  gallons 
per  niiiuite,  the  static  pivs,sure  of  water  will  lie  diminished  «tidy  2  or  3 
feet.  In  the  year  IDOO  water  stood  IS  ftH>t  uIkivc  the  ground.  The 
lowext  point  recorded  was  1  fcKit  Ix^low  the  ground  level. 

The  machinery  is  steam  driven,  and  can  also  be  driven  in  part  by 
stored  water  power  in  the  rivei\  It  has  two  vertical  SO-horsojMnver 
boilers,  ami  supphcs  steam  at  100  pomuls'  pressure  for  a  lOOdiorse- 
power  simple  Corliss  engine,  which  has  a  jet  gravity  condenser  giving 
nltout  23  inches  vacmmi.  Tlie  engine  drives  two  W'orthington  geared 
pumps,  which  supply  water  utulcr  a  pressure  of  ^i2  pounds.  The 
jtumps  operate  six  hours  a  day.  Fuel  consumption  is  lJi,UOO  pounds 
of  Lytic  I'oal  per  day.  The  San  Antonio  Kiver  at  this  station  has  a 
fall  of  14  feet,  which  is  also  utilized  in  SO  and  .">0  horsepower  turbines 
for  driving  the  pumps. 

The  main  station  of  the  San  Antonio  waterworks  is  also  situated 
on  the  river,  near  the  center  of  town.  It  has  foiu"  s-inch  lund  five 
12-inch  wells  880  feet  deep.  These  are  about  20  feet  aj)art.  Each  is 
fitted  with  <i.")0  feet  of  easing,  the  remainder  of  the  Jiole  iM'ing  in  r<K'k. 
The  wells  are  all  connected  by  piping  to  the  suction  ^^ide  of  the 
pumps.  In  May,  1904,  the  static  head  alnne  the  ground  wa.s  3.5  feet. 
One  of  the  I'J-incli  wells  delivei'cil  4,200  gallons  per  minute.  The 
maximum  Huctnatiou  of  water  level  due  In  drought  is  12  feet.  The 
water  pres.sure  carried  on  the  mains  at  this  station  is  75  pounds. 
Water  is  supplied  by  triple-expansion  Woi'thington  duplex  pumps, 
with  a  steam  end  of  12,  20,  ;13  by  24  and  a  pump  end  <»f  IS. 5  by  24, 
i-apacity  5,0(MU)0n  gallons  per  day,  and  six  (lould  tri))le-plunger 
single-acting  pumps,  with  a  total  ca|>acity  i>f  "i.OIKXOOO  gallons  per 
day.  Lylle  coal,  at  $l.(p()  ])er  ton,  is  used  for  fuel.  It  will  evajiorate 
about  3  jM)unds  of  water  per  jwund  of  coal,  as  again.»it  4  pounds 
evaporated  by  Black  Dianuind  coal.  Oil  cost,  delivered  in  San 
Antonio,  S(>  cents  |>ei'  barrel,  iK^ing  42  cents  at  the  oil  wells,  37  cents 
freight.  an<l  7  cents  drayage.  The  average  output  of  the  station  was 
at  the  rate  of  10,(K)0.000  gallons  ]x>r  day,  an<l  while  delivering  tliis 
c]uantily  with  one  of  the  wells  disconnected  the  static  pi'osui'c  in  that 
well  was  oidy  1  foot  lower  than  wheti  the  other  wells  were  not  flowing 
at  all.  The  pressure  on  the  suction  side  of  the  |)uinps  was  10  pounds 
positive  pressure  when  tielivering  this  How.  thus  showing  that  the 
ground  pressure  was  scarcely  atfecteil,  due  to  the  How  of  water 
pumped  from  the  groinid.  the  principal  soun'c  of  loss  being  friction 
in  the  pijies  and  well  casing. 

Adjoining  the  old  station  the  waterworks  have  put  np  a  new  plant, 
which  is  at  present  in  operation,  delivering  1.">,0(M),(KK)  gallons  |)er 
day.  It  consists  of  a  large  triple-expansion  pinnping  engine  24,  4(5. 
C8  by  42,  and  tliree  pump  cylinders  28.5  by  42,  the  speetl  being  28.5 
revolutions  [ler  minute.    The  boiler  pressui"e  is  150  pounds. 
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Tlie  cost  of  10-inch  wells  in  this  vicinity  500  to  1,000  feet  deep 
^  to  $4.50  per  fool. 

The  ^t^ltll  liavc  a  general  southeasterly  h1o{x',  on  a  greater  grade 
tlian  the  griide  of  the  gi'ound,  hence  near  the  headwaters  of  San 
Ant<niii>  River  the  well>  iire  more  shallow  and  the  water  pressure 
alxtve  tlie  gi't)und  is  less  than  furtlier  downstream.  Near  the  springs 
at  the  head  of  San  Antonio  River  at  the  first  waterworks  station  it  is 
only  ;irjO  feet  to  artesian  water.  At  the  main  waterworks  station  the 
following  is  the  log  of  one  of  the  wells : 

Three  Liin<lre<l  ami  tifl.v  feet,  lilue  eUiy. 

One  liuiKlnMl  iiiiil  cintitj-  Uvt.  miiifiiesluiu  llme«Ume — very  soft,  white. 
Three  feet,  slmk'  and  suli)hiir. 
Three  hundred  and  Ufty  lo  tUni'  liiiintri'il  jiiid  fi^hty  fwt,  lihie.  white,  and 
pray  limestone. 

At  a  depth  of  Tiid  feet  there  wa>  a  strntnm.  liowever.  of  lihie  nind 

50  feet  deej). 

The  f(»lluwing  represent  average  strata  encountered  in  well  horing 

in  .San  Antonio: 

Feet. 
Soil 8-    4 

Yellow  clay  and  (n^avel 00 

lilae  rhiy ."rflO-TOO 

nine  iiiid  Kray  i-oek 120 

HUtik  miirl-like  lignite  ciny  and  rock 20-  3») 

Loiiai  rock ijo 

Blue  clay  (iLHiilly  kiiovvii  an  a  "  nindhKle  ") TA\ 

Below  the  nnidhole  lies  a  water  rock,  which  is  usually  blue,  yellow, 
iind  while.  Sometimes  a  <lark  brown  sand  rock  is  foiuul  in  which 
llie  water  supply  is  plentiful.  In  tlie  artesian  U'll  water  is  almost 
always  ft>uiid  within  50  feet  of  the  nuulhole.  The  artesian  belt 
extends  fidiy  10  miles  west,  (•  miles  north,  and  (>  miles  east  of  ihc 
town. 

The  cost  of  well  boring,  fiu'nishing  everything  complete,  is  as  fol- 
lows for  wells  up  to  L.^OO  feet  deep : 


?  is    f 


C'o»l  of  liorhiil  irrlln. 


Dfaimet«r. 

Borlns. 

Carfns. 

Tol^. 

A-ini'h  well 

ts.to 

4.ai 
s.ao 

•t).75 
1.00 
1.80 
1.70 

IS 

It-ln<:h  well 

'.".""'.i"i'.'.;.'""'.".'."".;iido!!" 

IS-imU  well 

„ do.... 

7.00 

1 


•1 


At  San  I^nis  College,  which  is  somewhat  northeast  of  San  .Vntonio, 
there  is  an  S-imh  well  71:1  feet  tleep.  the  easing  extending  down  M){i 
fvi.'{.  Water  is  found  in  rock.  The  well  is  open  bottom.  The  col- 
lege is  about  i;iO  feet  above  6an  Antoiiiu.  and.  water  stands  without 
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flow  in  this  well  80  feet  from  tlie  siirfnci'.  A  <leop-weIl  pump,  5f  by 
30,  capacity  *^0  iruiloiis  per  tniimtc.  driven  liy  it  ■in-litirscjxiwcr  ciifriiic. 
lifts  water  into  si  tank  70  feet  above  tiie  yroumi.  At  a  deijtli  of 
between  150  and  200  feet  is  a  water-lK>arin^  stratnni  jtriving:  a  jioor 
supply  of  sulphur  water.  Retween  JUKI  and  400  feet  a  l)etter  sii]>iily 
is  obtained,  but  tlie  nuiin  water-lx-uring  rock,  which  is  evidently  the 
same  stratum  as  that  of  the  artesian  flow  in  San  Antonio,  is  between 
700  and  800  feet  deep.  The  elevation  of  San  I^ouis  is  7fiO  feet  alwve 
the  .sea. 

Another  8-inch  well  near  by  is  70r)  feet  <leep  and  is  provided  witli  a 
r>5  by  1!>  inch  dec])-\ve]l  jiuinp  driven  by  a  'i."i-fiK>t  wiiidtniJl.  This  is 
by  far  tlie  larfrest  windmill  in  this  part  of  the  country.  It  delivers 
most  of  the  water  at  ground  level  into  a  tank  near  by.  Under  aver- 
age conditions  tiiis  wiiuhnill  will  throw  ii  .stream  of  about  40  gjillons 
per  niiimte.  The  wind  in  the  vicinity  of  San  Antttnio  averages  (J  to  8 
miles  per  hour  and  is  fairly  constant.  The  average  velocity,  as  deter- 
mined iiy  the  Weather  Rureau.  is  7.4  miles  per  hour. 

Very  e.xtensive  use  of  windmills  has  l>eeii  made  througliout  Te.xas, 
and  in  several  cases  small  irrigation  plants  have  l>een  run  by  the  aid 
of  wat<'i'  so  pumped.  Windmill  capacities  as  usually  given  by  manii- 
facturei's  are  ba.sed  upon  a  wind  speed  of  about  15  miles  ])er  liour. 
The  energ\'  of  the  wind  which  {)asses  a  windmill  varies  as  the  ciil>e  of 
the  velocity  of  the  wind,  hence  with  a  wind  at  lialf  tlie  sjieed  men- 
tioned the  power  obtaine<l  would  l)e  git>atly  reduced.  Where  wind 
power  is  used  for  pumping  for  irrigation  it  would  usually  |>ay  to 
install  much  larger  mills  than  has  iH'cn  the  custom. 

Polo  r/iiir/i. — A  short  distance  from  San  Louis  College  is  Captain 
Tappen's  Polo  ranch.  The  irrigated  portion  of  this  ranch  consists  of 
8(>  acres,  which  is  planted  nuiiidy  in  corn.  \Vater  for  irrigation  is 
supplied  by  a  pumped  well  tapjiing  the  Saii  Antonio  artesian  stratum. 
The  well  is  l.fMK)  feet  dee])  and  water  stands  without  How  7f'>  fe(>t  from 
the  surface  of  the  ground.  .\.  brick  shaft  is  built  down  S4  feet  lM'lo^y 
the  ground  level  and  in  the  bottom  of  this  s<>ts  a  vertical  ciMitrifugal 
pump.  A  •25-hoi'sepower  gasoline  engine  iR'lted  to  a  countersliaft 
drives  this  pump,  which  lifts  the  water  8  feet  above  the  ground  into 
an  outlet  box,  from  which  it  can  Ih^  tiirne«l  either  into  a  flume  or  into 
an  earth  reservoir  about  laO  feet  in  diameter  and  17  feet  dwp.  This 
depth  is  due  to  excavating  material  for  the  banks,  and.  of  course,  jairt 
of  the  water  stort-d  in  the  I'est'rvoir  can  not  be  used  for  irrigation. 
The  pump  di.scharged  (SOO  gallons  jier  minute  by  measurement  and  llie 
engine  required  5  gallons  of  gasoline  pei'  hour.  The  plant  would 
irrigate  fi  to  7  acres  jx'r  day.  tlie  length  of  run  being  nine  hours. 
Corn  was  irrigated  fiuir  limes  during  the  past  season.  The  ground 
is  very  liable  to  crack  when  dry  and  seemed  to  have  Ihm'U  over- 
irrigated.     The  ditches  were  in  poor  condition.     'l'\w  VawX  v^-is  -A-r** 
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iiiifavoralily  sitnalPil  for  irrigiition,  being  quite  hilly.     Gasoline  for 
the  eiifjiiie  cost  12  cents  per  gallon. 

]'<iitri'  rntifh. — A  few  miles  from  San  Louis  College  is  the  ranch  of 
Mr.  Vaiiee.  The  house  is.sitnated  on  the  top  of  a  hill  at  an  elevation 
of  804  fi>et,  and  near  hy  is  a  small  farm,  which  is  irrigatt'd  hv  water 
pumped  from  two  wells.  Water  rises  withonl  flow  to  145  feet  from 
the  gromul  level.  The  wells  are  (1  inches  in  diameter.  One  is  HiO 
feet  deep  and  the  other  ('>(>0,  hut  the  water  supply  for  both  come.s 
from  the  UiO-foot  le\el.  In  the  valleys  near  by,  100  feet  lower,  the 
water  stratum  is  at  a  depth  of  400  feet.  Mr.  Vance's  wells  are  oper- 
ated by  dee]i-wi'll  j)nuips,  one  of  which  is  driven  by  a  "i^-horsi'power 
engine  giving  ].">  gallons  pel'  niimite.  (he  engine  consuming  h  gallons 
of  gasoline  in  sixteen  hours.  The  other  is  driven  by  a  G-hoi*sepower 
engine  giving  3.')  gallons  per  minute  and  consuuiing  7  gallons  of  gaso- 
line in  tiflcen  liours.  The  combined  capacity  of  these  wells  will  irri- 
gate 1.5  acres  in  three  days.  The  price  of  gasoline  is  IT  cents  jier 
gallon. 

('/■i-/i//i<-fi/  l>iiir;i  Compiihij. — South  of  San  Antonio,  on  the  river, 
near  the  town  limits,  is  a  puni|)  station  Ijelonging  to  this  company 
which  has  recently  lieen  installed.  A  No.  If)  centrifugal  pump 
belted  to  a  r»0-!ioi'se]K»wer  engine  [luntps  water  from  the  river  IW.'y 
feet  into  a  ditch.  The  pump  is  intended  to  irrigate  400  acres  of  land 
and  has  a  rated  <'apacity  of  .'•.aOO  gallons  per  minute.  Lytle  coal,  h 
co.sting  %•!  per  ton  delivered,  will  1k'  used  as  fuel  for  the  (iO-horse-  | 
power  l)oiler  which  furnishes  steam  for  the  engine.  The  ditch  for 
conveying  water  from  the  pump  to  the  field  is  3  feet  wide  on  the 
bottom,  (i  to  !S  feet  wide  on  top,  'A  feet  deep,  and  1.5  miles  long.  The 
slope  of  the  ditch  is  0.5  inch  in  250  feet.  The  water  will  be  used  to 
irrigate  truck,  cane,  and  alfalfa  by  the  furrow  system.  In  tlie  ii-ri- 
gation  of  alfalfa  the  furrows  will  Im"  .">  feet  apart.  Part  of  (his  laud 
wa.s  formerly  irrigated  by  sewer  water,  which  is  now,  however,  con- 
veyed .several  miles  below  the  city  and  used  by  another  irrigation 
company. 

The  intake  to  the  suction  pipe  is  through  a  channel  formed  by  sheet 
piling,  and  the  water  in  the  river  is  backed  up  liy  a  small  dam. 
A\nien  the  pump  stati<ni  of  the  creamery  starteil  running  it  utilized 
a  large  pail  of  the  water  flowing  in  the  river,  and  will  undoubtedly 
interfere  with  the  us<'rs  of  water  fartlier  down  the  stream. 

About  a  mile  farther  down  the  ri\'er  are  two  current  wheels  about' 
20  feet  in  diameter,  oix'i-ated  by  a  3-f*R)t  fall  in  the  river.  These  will 
deliver  a  flow  uf  ."iOO  galhHis  jicr  minute  and  will  irrigate  12  acres  in 
alxiut  twelve  hours.  The  constructiiin  of  tlie.se  current  wheels  i.s 
shown  in  figure  57.  This  water  is  used  to  irrigate  100  acres  of  lam 
owned  by  Mr.  Kh-in.  who  is  also  one  of  the  owners  of  the  creamery 
company. 
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KelJmnn  trell. — 'Saw  the  '"  Sap  "  roiiiulhoust"  in  San  Antonio  is  a 
tract  of  18.5  acres  iirigated  bv  the  How  of  a  well  on  the  place  of  Mr. 
Kellmaii.  The  well  is  1,100  feet  deep,  of  8-inch,  H-inch,  and  4.5-inch 
casing.  The  flow  from  this  well  will  irrigate  :i..">  acres  in  twelve 
hours,  and  is  utilized  for  irrigating  the  hind  owned  by  Mr.  Kellnian, 
as  well  as  that  of  many  of  the  neighlxjrs  near  by.  The  well  is  said  to 
have  a  pressure  without  flow  of  1*5  poitnds  at  (he  ground  level.  It 
has  been  estimated  that  the  well  woiUd  irrigate  100  acres  of  truck 
with  irrigations  three  to  ten  days  apart. 

There  are  si'veral  small  irrigation  plants  along  the  river  which 
jHunp  water  with  gasoline  engines.  West  of  San  Antonio,  however, 
aiv  the  largest  irrigation  plants  in  that  vicinity. 


Fin.  .IT. — riiii  of  current  wheels  belonging  to  Mr.  Ktela,  San  Antonio,  Tex. 

Collins  plant. — F.  F.  Collins  owns  a  tract  of  180  acres  just  outside 
of  the  town  limits  of  San  Antonio  which  is  irrigated  by  water  from 
two  artesian  wells.  One  is  700  feet  deep,  with  l:i-inch  easing  down 
T'OO  feet.  The  other  well,  near  by,  is  mO  feet  deep  and  has  a  10-ineh 
casing.  The  first  well  reaches  to  the  artesian  water  stratum,  and  the 
second  evidently  derives  its  supj)ly  from  the  same  water  stratum 
through  the  lower  00  feet  of  hole  of  the  fii-st  well,  the  water  then 
running  across  Ix'tween  well  holes  tlirougVi  the  intervening  strata. 
From  measurements  by  the  writer  in  Septembi'r,  11)04,  the  well  water 
without  flow  stands  IT  feet  above  the  ground.  The  output  of  the 
1'2-inch  well  with  the  other  well  shut  otf  was  1,080  gallons  per  minute, 
whereas  the  combined  output  of  the  two  wells  was  only  <'0  gallons 
more,  or  1,140  gallons  i>er  minute.     With  both  wells  flowing,  the  out- 
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put  of  tlic  li-indi  well  was  vory  matorinlly  rednml  over  tlio  condi- 
tion L'xistiuj:  whi'H  llii'  otluT  well  was  shut  uH'.  Tin-  <;+U-foot  well 
struck  water  at  tliat  level  and  at  first  had  a  How  of  15  gallons  j>er 
niinntf  from  tlu'  porous  limestone.  Eventually  the  other  well  broke 
through  into  it,  greatly  increasing  its  flow.  The  cost  of  these  wells 
was  alxmt  $5,000  a|)iece. 

Adj()ining  tlie  wells  is  an  earth  reservoir  of  ;^,0Oi).(HH)  gallons 
capacity,  the  hanks  of  which  are  7  feet  above  the  ground.  The  reser- 
voir is  1.5  acres  in  area  and  12  feet  deep.  \\'hile  thi.s  reservoir  is 
kept  full,  it  is  never  used,  as  the  wells  are  of  ample  caiyacity  for  the 
irrigation  of  the  land.  The  cost  of  building  thi.s  re.s*irvoir  was  11 
cents  per  cubic  yard  for  earth  handled.  It  was  made  entirely  of 
earth,  which  is  a  sticky  black  soil,  and  is  water-tight. 

The  land  owned  by  Mr,  Collins  is  divided  into  10  and  15  acre 
tracts,  each  of  which  has  it,s  hon.sc  and  barn,  and  improved  land  is 
rented  out  at  $25  per  acre  i>er  year,  all  necessary  water  being  sup- 
plied tenants. 

The  main  ditch  is  6  feet  wide  on  top,  2  feet  dee|),  ami  has  a  grade 
of  S  feet  per  mile.  The  latei-als  riui  at  right  angles  to  the  main  ditch 
and  have  the  same  slope.  The  water  from  the  plant  is  utilizetl  day 
and  night,  and  allowance  made  of  the  entire  flow  of  fifty-five  minntes 
per  acre  ]ier  week.  ill'.  Collins  estimates  his  wells  to  be  sufficient  for 
the  irrigation  of  500  acres.  Much  of  tlie  water  at  prt^si'nt  runs  to 
waste.  It  is  stated  that  one  man  can  irrigate  12  acres  a  day  with  the 
output  of  the  wells. 

lintily  riiHch. — Near  the  Collins  ranch  is  that  of  T.  F.  Brady,  on 
which  is  a  G-inch  open-bottom  well  1,500  feet  deep.  This  has  a  static 
pressure  aliove  the  gi-ound  of  about  15  feel,  and  the  flow  of  the  well 
is  sufficient  to  fill  two  )i-inch  horizontal  pipes.  This  wcjuld  probably 
mean  a  flow  of  SOO  gallons  per  minute.  Mr.  Hrady  irrigates  .50  acres 
in  garden  truck  aiul  runs  the  surplus  water  into  a  taidi.  anil  estimates 
that  he  could  irrigate  40  acres  more.  He  also  supplies  three  tenants 
with  water  in  addition  to  irrigating  his  own  place.  According  to 
his  figures,  it  would  co.st  $2  a  foot  for  1,000  feet  of  (I-iiich  well,  pro- 
vided the  owner  furnished  casing.  The  furrows  iisi'd  fttr  irrigatnm 
were  75  yards  long,  and  the  length  of  time  consumed  in  ruiiuiiig  the 
water  through  them  was  fiftwn  minutes, 

M'autrx  niiirft. — Near  the  Brndy  place  is  a  ranch  owned  by  F. 
Wauti-s  which  has  a  G-inch  well  1,474  feet  deep.  This  well  delivers 
a  flow  of  45  gallons  per  minute,  and  water  will  I'ise  16  feet  above 
the  level  of  the  gro::nd  without  flow.  The  artesian  stratvun  from 
which  the  well  derives  its  water  is  evidently  of  a  close  porous  forma- 
tion, which  throttles  very  much  the  water  which  can  be  obtained 
from  the  well. 
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Near  the  well  is  an  «irlli  tank,  whirh.  however,  is  not  often  used, 
the  practice  being  to  pinu])  (lirect  from  the  well  onto  tlie  ground. 
The  reservoir  is  lUO  by  75  feet,  with  bunks  3  f(?i't  wide  on  top.  The 
total  dc[jth  of  the  reservoir  is  i>  feet,  owing  to  the  excavation  for 
the  banks,  but  of  this  only  4.5  feet  are  avaihihle  for  storage.  The 
reservoir  cost  $(>,i.  It  takes  twentv-four  hours  to  till  (he  tank  with 
the  pump  rnnning  ami  four  days  and  nights  to  fill  it  from  the  well 
alone.  The  area  irrigated  is  .50  acres.  Two  to  4  acres  can  Iw  irri- 
gated with  the  pump  in  fourteen  houi-s.  The  water-lx'aring  stratum 
of  the  well  is  rock,  at  a  depth  of  1,235  feet.  The  puni(>ing  [daiit 
consists  of  a  direct-acting  steam  pnnip  set  in  a  pit  and  a  12-hoi-s*'.- 
power  vertical  boiler.  The  cost  *)f  the  well  was  $4,000  comidete. 
The  cost  of  the  Imiler,  pump,  and  house  was  $1)00.  The  fuel  con- 
sumed is  0.5  ton  Lytle  coal  in  fourteen  hours  and  costs  $1.35  jx^r 
ton.  The  yield  from  '2."J5  acres  was  557  bushels  of  potatoes.  The 
land  is  planted  to  truck  and  is  irrigated  by  the  furrow  system. 
The  rows  are  liiO  yards  long,  and  it  takes  one  to  five  hours  to  run 
the  water  thr()ugli  them.  The  soil  is  of  a  black,  waxy  nature  and  is 
carefully  cultivate<l.  The  well  wheu  pumpeil  has  a  How  of  142 
gallons  ])er  minute. 

Ht'irht it  ntiirh. — In  the  same  vicinity  is  the  farm  of  Mr.  Reichert, 
on  which  is  a  6-inch  well  1.200  feet  deep.  AVater  will  rise  in  this 
well  without  How  20  feet  above  the  ground.  At  |>resent  25  acres 
are  irrigatt'd  fi'om  the  well,  and  tlie  cro|>s  raiseil  are  cane,  corn,  and 
truck.  An  earth  tank  70  by  100  feet,  with  3  feet  available  depth  of 
water,  is  utilized,  mairdy  to  avoid  the  necessity  of  rmuiing  at  night. 
It  is  stated  that  5  acres  more  <'i(uld  Ik;  irrigated  with  the  same  water. 
Truck  is  irrigated  every  ten  days.  Cane  and  corn  each  receive  two 
irrigations  per  year  in  dry  weather.  The  furrow  system  is  us<m1.  the 
furrows  being  100  yar<ls  long  and  :i  feet  ajiart.  It  lakes  the  water 
one  to  four  hours  to  run  through  the  furrows.  Ij4M'el  land  takes 
about  an  hour  and  hilly  land  about  four  hours.  The  welt  ilischarges 
in  the  neighljorhood  of  :iOO  gallons  |R'r  niimite.  The  usual  rate  of 
irrigation  is  1  acre  with  ten  hours'  flow. 

./.  E/>/>.  jr.,  raiiih. — In  the  same  \irinily  is  the  i-anch  of  J.  E|)p.  jr. 
The  water  is  furnished  by  a  4.25-iuch  arti-siun  well  f<t^4  feet  deep. 
The  well  stands  without  flow  20  feet  above  the  ground  antl  delivers 
200  gallons  ]ier  niimite.  The  area  irrigjited  from  this  well  is  21 
acres,  10  of  which  are  farmed  by  the  owner  of  the  well  and  plantei! 
in  com  and  Johnson  grass.  The  remaining  11  acres  are  planted  in 
truck  and  cultivate<I  by  termnts.  who  are  allowed  the  water  six  days 
out  of  every  luue.  Irrigation  gws  on  day  and  night.  No  i-eservoir 
is  used.  All  irrigation  is  performed  by  the  furrow  system.  The 
total  flow  of  the  well  will  irrimite  0.5  acre  of  corn  in  tweiitv-four 
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hours.  The  cost  of  the  well  was  Spi^.'iOO.  Part  of  the  water  is  de- 
livered througli  1,700  feet  of  3-ineh  jiijK'  to  a  point  T)  feet  above 
the  level  of  the  well.  This  of  course  cuts  down  greatly  the  supply 
of  water,  due  to  extra  elevation  and  fiietion  loss  in  the  pijie.  For 
night  runs  the  water  is  turned  into  four  ur  five  furrows  ;JtX(  feet 
long  3.0  feet  apart,  and  runs  in  them  all  night. 

HiirncH  miith. — Adjoining  the  Collins  ranch  is  the  pro|>erty  of 
Mr.  Barnes,  with  an  artesian  well  with  a  capacity  of  about  1,100 
gallons  per  miiuite.  This  well  is  provided  with  a  throttle  valve,  as 
are  also  many  of  the  otlier  wells  in  the  vicinity  of  San  Antonio. 
This  is  a  wi.se  provision,  as  it  prevents  waste  of  water. 

Meerscheidt  d:  Stieren  Irrigation  Company. — The  ranch  of  this 
company  is  about  4  miles  west  of  San  Antonio.  It  consists  of  57'2 
acres  ready  for  cultivation,  but  at  pre.sent  only  470  acres  is  cultivated. 
Of  this  land,  200  acres  is  planted  to  truck,  170  to  cotton,  and  100  to 
corn.  The  land  is  all  leased  to  tenants  and  water  for  irrigation  is 
furnished  them  from  a  10-inch  well.  The  elevation  of  the  land  is 
considerably  above  the  level  of  San  Antonio,  and  water  stands  with- 
out flow  in  the  well  altout  •!  feet  Ik'Iow  the  level  of  (he  ground.  The 
pump  station  which  has  l^-cn  iiistaUed  has  the  following  e<iuipment : 
One  SO-horsepower  horizontal  tubular  l)oiler:  one  80-horsepower 
automatic  simple  engine,  Indted  to  a  centrifugal  pump.  The  pump  is 
set  in  a  brick  pit  VI  feet  in  diameter  and  -H^  feet  deep. 

The  well  was  starteil  with  l"2-iiich  easing,  which  went  down  45  feet ; 
then  10-inch  casing  for  sr)0  feet,  and  an  S.25-inch  hole  110  feet  deep, 
the  well  Ix^ing  l.OtK'*  feel  deep.  The  pump  is  a  No.  8  special,  with 
12-inch  suction  and  10-incli  dis«'harge.  "Wlien  operated  at  the  si>eed 
at  which  the  pump  is  normally  run.  the  suction  on  the  pump  is  2n 
feet  and  tlie  lift  and  friction  loss  in  discharge  pipei2">  feet,  making  the 
total  head  against  which  the  ])Uinp  must  operate  50  feet.  The  fuel 
consumed  is  2.7.5  tons  Lytic  coal  in  ten  hours"  run,  costing  $1.7.5  per 
(on  delivered.  One  man  operates  the  entire  station.  The  pump  runs 
ten  houi's  per  day  for  about  two  huiulrcd  days  a  year. 

The  ditches  for  conveying  the  water  go  in  four  directions  frtmi  the 
station  and  are  S  feet  wide  on  the  bottom,  .">  to  (i  feet  wide  on  lop,  and 
2  feet  deep. 

Some  of  the  strata  passed  through  by  the  well  is  as  follows: 

First  rock,  at  ii  <U'iit!i  of  fi'J.'i  feet. 

At  <)"(»  feet  suliiliur  vvnter  was  eiicounter«l. 

At  "tJ.^  feet.  Iiriiwii  nn-k  and  u  suiull  quantity  of  water. 

At  8(Kl  fe<>t.  while  nxk. 

.At  8(>,'i  reel,  niilitliole. 

At  fKM)  feet  WHS  ti  cei'oiij  water  rock,  from  wIjIcIi  the  suiipl.v  for  llie  well  Is 
obtnUied. 
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The  woll  was  sunk-  to  a  depth  of  1,005  feel  in  llic  hope  of  obtnining 
flow,  but.  as  said  above,  the  elevation  of  the  pfrotind  is  too  gri'iil.  Tlie 
well  is  open  liottoni  and  is  apjjarently  limited  in  flow  oidy  by  friction 
in  the  pi|>e  itself.  The  eost  of  tiie  well  was  $4,r)0O,  and  the  e(^t  of  the 
pumping  phiiit  was  $11,000.  The  ontpnt  of  the  well  when  pump  is 
running  f  nil  ea])aeity  is  2..")00  gallons  jier  minute.  The  cost  oi  running 
the  plant,  as  figured  by  the  owners,  is  $10  a  day,  segregated  as  follows: 

Attendance    $1.00  J 

Coal    5.00  I 

Interest,  iIi'|>rei'liitloii.  iunl  oiMTiitnit;  ox|)en)ie8 4.00  1 

Cost  of  imiiiiiinj;  ]h'V  iicn'-fnot,  aliout '2.20 

The  steam  plant  irrigates  350  acres  of  the  tract.  Tlu-  remaining 
120  acres  are  irrigated  from  a  separate  plant  near  by,  supplied  from  a 
6-inch  well,  to  whicli  is  attaclieil  a  No.  (I  centrifugal  pinnp  delivering 
a  flow  of  433  gallons  per  nunute.  The  pump  is  placed  in  a  pit  10 
feet  deep  and  is  driven  by  a  liidiorsepower  gasoline  engine,  which 
n.ses,  in  twenty  hours'  run,  '20  gallons  of  gasoline,  costing  13  cents  jwr 
gallon.  The  average  daily  run  of  the  plant  is  si.v  hours.  A  run  of 
tiiree  to  four  houi-s  is  required  for  an  acre.  The  land  is  irrigated  by 
the  fiirn>w  system,  the  furrows  Ix'ing  "JCMt  fi-et  h)ng.  The  entire  How 
C)f  the  pump  will  take  one-half  to  one  hour  to  run  througii  the  fiii'- 
rows.  the  flow  Ijeing  diWded  Iwtween  40  furrows.  The  plant  is 
said  to  have  sidlicient  capacity  to  irrigate  -200  acres.  The  cost  of  the 
well  was  $2,700,  and  of  the  station  $1,300.  The  well  is  WO  feet  deep, 
being  650  feet  to  the  first  rock,  which  is  260  feet  thick.  Below  this  is 
the  formation  found  throughout  this  region,  kn»»wn  as  ''  nuidhole,*' 
50  feet  tieep.  Twenty  feet  below  this  is  the  secontl  rock,  containing 
the  water  supply.  Water  stands  without  flow  close  to  the  surface  of 
the  ground. 

Land  and  irrigation  water  from  the  stenm  plant  are  furnished  ten- 
ants at  an  annual  rate  of  $17  an  acre.  The  plant  has  been  in  opera- 
tion but  II  comparatively  short  time.  The  following  is  the  form  of 
contract  between  the  company  and  the  tenants  which  has  recently 
been  prejiared : 

Statk  of  Texas.  r<>iiiit)i  of  Bcrar: 
Tbis  uKreemetit,  Ibis  day  made  and  entoreil  lulu  liy  uiirl  tietweeu  Mwrsobeldt 

&  Stieren  Irrtt?atUni  Co.,  as  party  of  Ibi"  BrHt  piirt.  niul ,  an  party 

of  tlie  .KOftiiid  piirt,  vvltnessetli : 

1.  Tbe  piirty  iif  ttie  first  part  hereby  JeaseH  fur  llie  leriii  of years,  lieKin- 

nlUK  Mil  till' diiy  of  .  im^ — ,  lUid  endiiiK  mi  the  day  of  , 

19(» — ,  tlie  fiillcnviiii;  desrril>e«l  tract  or  parcel  tif  land  out  of  tbelr  Irrli^atlon 
fanu  near  and  witliiii  tlie  elty  of  San  Antonio.  Te.\a«,  on  tlie  CuMtroville  road 
and  Cupples  lime,  and  euiitnlnlMK acres  of  land:  . 

2.  The  party  of  tbe  second  part  iiprees  to  pay  the  snni  of  ? r>»^r  acre  for 

eald  laud,  to  lie  paid  as  follows,  f lu  cash  upon  signing  or  taking  posses- 
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1  of  Raid  hmtl  ami  ibe  linlaiu-e  in e«iual  |M}-uien(R.     $ 

iay  of .  !»!►—.  $ iiu  the  tirst  ilay  of  .  X9I) — .  $- 


on  the  first 
— ■ —  on  the 


h 


liist  day  of .  I'Mt—. 

X  The  party  of  the  firnt  jmrt  further  leases  to  the  portj-  of  the  tiecond  p«rt 

acres  of  land  on  shnn-s — that  !:«  to  say.  each  l«irtj-  to  re<"elve  tme- 

half  of  the  troft  mliwtl  and  gathere«l  thereon.  an<l  tlie  |>arty  of  the  second  jnirt 
asiveH  to  gather  and  deliver  the  eiiuai  one-half  luirt  lieli>nsine  t»  luirties  of  the 
Brut  lart  to  tlieiu  on  said  farm,  or  if  so  de«lre<l  to  market  and  sell  same  In  the 
city  of  San  .*ntoiiio  and  turn  over  tlh?  money  realiznl  from  snch  sale  to  the 
iwrtles  of  the  first  psirt.  iu  their  office  in  the  city  of  San  Antonio.  Texas.  . 

4.  The  party  of  the  tirst  part  ajn^es  to  fnmish  out  of  their  well,  at  their 
own  expense,  to  the  w-cond  |Hirty.  ontv  every  week,  one-third  of  the  water 
pumped  out  of  tlieir  well  in  ten  iKiurs  for  each  Bfteen  acres  rented  for  money 
rent,  and  for  land  lease»l  on  shares  only  surplus  water  will  lie  fnruislied.  to  be 
left  to  diacretion  of  first  parties  after  all  land  rented  for  money  has  been  »u|>- 
plied :  iHiwever.  that  the  parties  of  tlie  first  iwirt  shall  not  lie  resyioiisible  to  the 
second  [tarty  for  any  damntfw*  for  fallurt-  to  supidy  water  by  rea."8<jn  of  a  liroak- 
down  in  the  machinery,  or  if  for  any  rea.son  the  well  fails  to  furnish  sufficient 
water,  as  Ioiik  as  the  flr^t  partifs  miUce  reasonable  efforts  to  repair  any  break- 
down and  puni|i  the  water  contained  in  the  well.  .\nd  it  Is  understood  tliat  in 
mse  their  well  should  diminish,  or  if  for  any  reason  it  should  become  impos- 
sible for  the  party  of  the  first  |jart  to  furnish  sufficient  water  to  the  party  of 
the  Hecond  part,  as  hereinbefore  agreed,  to  make  a  crop,  the  damages  therefor 
shall  never  exceed  the  amount  of  rent  the  jparty  of  the  first  part  agrees  to 
pay . 

5.  The  party  of  the  first  part  agrees  to  furnish  to  the  ixirty  of  the  second  part 
a  house  and  stable  with  said  land,  and  lieing  house  known  as  No.  . 

•i.  The  party  of  tin?  second  imrt  agrees  to  cultivate  his  cro|)  in  a  good  farmer 
and  gardener  like  manner  and  to  keep  the  land  free  of  weetls  and  Johnson 
grass  and  to  furnish  all  lalwr.  tools,  teams,  and  seed  necessary  to  such  i-ultiva- 
tlon,  and  be  is  to  make  the  ditches  on  tlie  land  s«i  leaseil  and  to  keep  them  in 
repair  and  clean  of  weeds,  and  he  further  agrees  to  pay  his  rent  promptly,  ns 
hereinlH-fore  set  out,  anil  a  failure  to  comply  fully  with  this  article  shall  for- 
feit this  lease . 

7.  It  Is  further  agreed  and  uuderstoixl  by  the  [mrties  to  this  contract  that  the 
parties  of  the  first  part  have  a  lien  on  any  and  all  (TO|is  raise«l  on  said  lcas«>d 
land  for  rents  due  aud  to  become  due,  aud  for  advances  made.  If  any.  to  such 
tenant . 

Witness  our  hands  this day  of ,  1!)0— . 


As  will  lie  seen,  the  contracts  provide  fur  payment  in  part  of  the 
crop,  for  a  cash  consideration  per  acre,  or  for  a  combination  of  the 
two. 

SAN    ANTONIO   SEWAOK. 

The  city  of  San  Antonio  has  a  population  of  (iO.OOO.  The  water 
supply  per  capita  is  1C.7  frallons  |jer  day.  In  1!»04  there  were  3.402 
hou.ses.  or  alnjut  one-third  of  the  total  niuiilx-r  iu  tlie  town,  connected 
with  the  sewerage  system.  According  to  the  rejxjrt  of  the  city  eryji- 
neer.  the  average  rate  of  flow  of  sewage  water  is  1 1  cubic  feet  [Hit  sec- 
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ond.  Oil  (he  basis  of  the  alnive  figures,  ami  assuming  that  six  people 
occupy  a  liousc,  the  wati^r  cousuuiecl  j>er  iinusc  woiihl  be  1,000  giilloiis 
j>er  day.  This  would  atrounl  for  only  four-sevenths  of  thv  flow  of 
the  sewer.  The  rcnuiiuinj;  three-sevenliis  of  its  su|)ply  comes  from 
seepage  into  the  briek  sewer. 

The  sewajri'  of  San  Antonio  hud  previously  IjL'eii  disposed  of  ijy 
utilizing  tlie  water  for  in'igati<)n  on  the  old  sewer  farm,  a  short  dis- 
tance outside  the  city  limits.  As  a  sanitary  ])recaution,  however,  it 
was  decided  to  convey  tlie  sewage  several  miles  farther,  to  the  vicinity 
of  Mitchells  Lake.  The  San  Antoiiiu  Irrigation  Company,  of  which 
H.  McC.  Potter  is  miiniigcr,  has  obtained  fnun  the  city  the  right  to 
utilize  this  sewage  water  for  ninety-nine  years  for  the  disposal  of  the 
same.  The  (la\ermncut  exjicriuK'nt  farm,  which  is  elos*-  by  the  old 
sewage  fann,  had  previously  used  the  sewage  water  for  irrigation, 
but  is  at  present  cut  otl'  from  this  supply. 

The  pipe  line  for  conveying  the  sewage  ends  a  short  distance  beyonil 
the  old  sewage  farm,  from  which  jwint  the  water  is  conveyed  by  a 
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Fio.  58.— Section  of  San  Antonio  xewage  ditch. 

ditch  to  Mitchells  Lake,  a  distance  of  7  miles.  The  ditch  is  4.5  feet 
wide  on  the  lH)ttoni,  3  feet  deej),  with  si<Ie  slopes  of  1  tit  1  and  a  grade 
of  4..>  feet  per  mile.  The  banks  have  a  ;5-fo<.>t  crown.  Tlie  ditch  is 
designed  to  carry  '2O.(H>0  gallons  (kt  day. 

In  addition  to  the  ditch.  l..')(XJ  feet  itf  Hume  are  used,  of  the  follow- 
ing sizes:  (1  l>y  2.  X>  by  'l.U,  and  4  by  -..')  feet.  The  s4'ctions  of  flutne 
are  constructed  of  eypress.  with  '2-inch  bottom  and  sides  and  4  by  4 
inch  posts  liolted  to  stringers  set  8  feet  apart.  The  flumes  are  M't  on 
a  grade  of  10  feet  per  mile. 

A  wooden  retaining  wall  has  been  con.structed  where  the  ditch  is 
in  a  cut  7W  feet  long  in  hnise  ground.  The  joists  are  on  the  inside 
of  this  wall,  which  is  an  obieeti<mal)le  feature,  as  they  form  stopping 
places  for  sediment.  It  w<iuhl  have  lieeu  better  had  they  been  placed 
on  the  outside  of  the  wall  ami  the  timlwrs  btdted  through. 

Two  thousand  tvvu  hundred  feet  of  open  cotirretc  invert  were  also 
used,  of  a  .semielliptical  section  3  feet  in  depth  and  4  feet  across  at 
the  top  (fig.  58),     The  thickness  of  the  concivte  lining  is  C  inches. 
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The  lining  was  put  in  when  the  embankment  was  green  and  has 
cracked  in  ])lace.s.     The  concrete  cost  00  cents  per  square  j'ard. 

According;  to  tlie  city  engineer's  estimate,  the  foHowinfr  acreage  is 
avaihible  for  irrigation  from  sewage  water  without  the  use  of  pumps: 

Acre*. 

Fnmi  the  point  where  tlie  itiiH-  line  ci-osses  tb<?  Siiu  Antoiiiu  ^ 

River  to  the  sewer  fiinn 4*10  ■ 

Sewer  fiinii  niiil  iniid  iyliig  east  of  It 350 

Sewer  fnrui  t»  .Mil.liells  I.iilie 300 

L            III  )i<1()itloii  tt)  tliis.  the  Mitehella  Luke  |M'o|ierty :  S 

I                   Filter  U'<ls 550  ■ 

I                    «'iil(iviite<l  lilter  lieils 400  fl 

I                  IjiikI  whii'ii  niii  lie  irrl);ute(1  trow  the  lake  and  canal .'iTr)  U 

W                  Land  Irrlgiited  froiir  the  Inlce  only 125  H 

I  Totjil 2.500         ■ 

Mitcliells  Lake,  a  shallow  hasiii  througli  wliich  the  drainage  water 
from  a  large  st'ctiori  of 'country  runs,  fm-nicrly  went  dry  in  the  snni- 
nicr  time.  At  jnvseiit  liie  outlet  of  the  hike  has  been  closed  hy  a  dirt 
dam  250  yards  long  with  a  sIo[>e  of  3  to  1  on  the  inside  and  2  to  1  on 
the  outside.  The  spillway,  wliich  includes  the  entire  length  of  the 
dam,  is  1,000  feet  long  and  is  well  covered  with  sod.  It  is  of  such 
ample  dimensions  tiiat  no  cutting  has  resulted  from  the  water  which 
[lasses  n\er  i(.  The  lake  when  full  covers  an  area  of  Sli4  acres,  with  a 
depth  of  wilier  of  2  to  10  feet.  Tiie  storm  waters,  which  drain  into 
the  lake  from  a  section  reaching  as  far  as  San  Antonio,  all  pass 
through  a  natural  basin,  the  utilization  of  which  the  comi)any  is  at 
present  contemplating  by  the  erection  of  a  dam  2,400  feet  lung,  with 
a  maximum  height  above  the  groumi  level  of  38  feet.  The  estimated 
capacity  of  the  reservoir  is  S,(M (0,000 ,000  gallons.  Ijcona  Ci-eck  will 
lie  used  as  a  wasteway  for  the  reservoir.  If  tliis  reservoir  were  con- 
.structed,  Mitchells  Lake  could  Ik-  drained  anil  the  land  used  for 
agricultiii-al  purposes. 

The  company  Hgures  tliat  2,000  acres  are  available  for  irrigation 
by  gravity  under  the  existing  canal,  and  that  by  damming  the  storage 
basin  2.r)00  acres  additional  will  In*  made  available,  of  which  l.(X)0 
acres  could  1k'  irrigated  from  die  sewage  supply  by  gravity  alone  if 
desired.  According  to  the  figures  of  the  city  engineer,  the  prascnt 
sewage  water  supply  is  suilicient  for  the  irrigation  of  2,000  ncres. 
This  would  give  a  duty  of  about  INO  acres  per  1  cubic  foot  per  second. 

The  sewage  water  which  is  at  present  not  used  for  irrigation  is 
spread  over  what  are  known  as  filter  beds — large  santly  ami  gravelly 
tracts — and  evenlually  finds  its  way  fiy  percolation  through  the  soil 
into  Mitchells  Lake.  The  water  is  distributed  over  the  filter  Iwds  by 
nieauii  of  small  laterals  4  feet  wide  on  top  and  8  indies  deep,  con- 
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^it^ucted  with  V  scrajwrs  aii<l  run  on  a  frrado  of  1  foot  to  tlic  mile. 
Part  of  the  filter  beds  can  Ije  used  for  fanninfi.  Tliere  are  about  2 
miles  of  ditches  in  the  filter  beds,  throufrh  which  the  water  is  turned 
into  different  sections  as  occasion  nmy  tienuinil.  By  the  time  the 
sewage  readies  the  litter  Ix-ds  there  are  no  solids  left  in  the  water. 
At  present  there  are  450  acres  under  irrigation,  planted  us  follows: 

140  acres  In  Imlinii  (virn,  lrrlRnte<l  t!ire<?  tlinetf  a  j-eiir. 

75  iicres  In  Kiillr  corti.  irriKiilpd  three  times  ii  .ve:ir. 

80  acres  In  sorRlium.  irrlKiitwl  three  times  u  year 

25  neres  In  sweet  ])o'..it<)e«. 

100  iii-res  In  Ciissiivn,  iieiinuts,  cowiK-as.  etc. 

HO  iKTes  In  Irlsli  potattws  mid  alfalfa. 

Irrigation  commenced  March  1.  Sorgluun  matured  in  fifty  days 
and  sweet  potatoes  in  ninety  days.  Furrow  irrigation  was  practiced 
for  all  crops  except  alfalfa,  which  was  flooded  by  the  IxhI  system,  the 
beds  being  about  25  feet  wide.     The  laterals  are  aljout  ;100  feet  apart, 

SAN    ANTONIO    RIVER. 

San  Antonio  River,  in  addition  to  the  supjily  of  water  from  the 
springs  at  its  source,  receives  considerable  additions  farther  down 
from  seepage  ami  from  the  creeks  which  run  into  it.  Several  piunp- 
ing  plants  have  recently  l>een  installed  considerable  distances  l^elow 
the  city,  which  utilize  this  water  for  irrigation. 

Ballard  plant. — At  Floresville,  on  San  Antonio  River,  Mr.  Ballard 
has  installed  on  his  farm  of  150  acres  an  irrigation  pumping  plant 
consisting  of  a  f)."»-horse]>o\ver  boiler  furnishing  steam  at  ;iO  pounds 
pres-sure  to  a  duplex  pump  delivering  a  flow  of  500  gallons  per  min- 
ute. Water  is  raised  47  feet  and  1  cord  of  mes<|uite  is  consumed  in 
twelve  hours'  run.  One  hour's  rim  of  the  pinnp  will  irrigate  an  acre. 
Mr.  Ballard  expects  to  put  in  8  acres  of  onions  this  year  ( 1905),  to  be 
irrigated  by  the  lied  system,  the  Iwds  Iwing  13  by  100  feet.  Forty  to 
50  tons  of  manure  per  acre  are  used  for  fertilizer. 

Spencer  plant. — At  Falls  City,  on  the  San  Antonio  River,  is  the 
irrigation  [>lant  of  C.  W.  .Spencer.  This  plant  has  just  been  installed 
and  is  intended  to  irrigate  15  acres.  A  No.  3  centrifugal  pump 
driven  by  a  12-horsepovver  gasoline  engine  will  he  used  to  raise  the 
water  50  feet,  forcing  it  through  450  feet  of  4-inch  pipe. 

.VcA'iii/  fthiut. — Six  miles  from  Falls  City,  on  San  Antonio  River, 
Dr.  Donald  McKay  has  installed  an  irrigation  pumping  plant  con- 
sisting of  a  15-hoi"sepower  portable  eiiginir  belted  to  a  No.  5  ceaitrifu- 
gal  pump.  The  lift  is  ;J7  feet.  The  fuel  consumption  is  1  cord  of 
mt>squite  for  twelve  hours'  run,  during  which  time  4  acres  are  irrigated. 
The  water  is  pnm]ied  through  05  feet  of  5fV-inch  pijM'.  Wowl  costs 
75  cents  a  cord  and  is  cut  on  the  ranch.     The  pre-sent  plant  irrigates 


400 


IRRIGATION    AND   DRAINAGE    INVESTIGATIONS,  1904. 


ac  acres.     According  to  the  owner's  figures  50  aci-es  could  be  irrigated. 
The  following  crop.s  were  grown  on  the  land: 


Vriip  rvturn*. 


Crop. 

'  IrrigB- 
Aorai.  tions  per 
1  aeMon. 

Yield  per  acre. 

Onions , . .... 

6             10 

tt.CnOpnands. 
lUI  bushels. 

PutatoeH 

i 

4 

1 

1 

Cotton 

Cora 

Failure 
40  baabelft. 

Corn  not  irrigated  yielded  "20  bushels  per  ncrc  The  onions  were 
l>lac*'d  in  rows  \'l  inches  apart,  the  si)acing  iK'ing  ">  inches.  Trans- 
planting the  onions  required  thirty  days'  labor  per  acre  and  harvest- 
ing five  days. 

The  soil  is  alluvial  and  cements  easily.  Xofertilizer  was  used.  The 
Ix'd  system  of  irrigation  is  employed  for  onions,  the  lx>ds  being  l:i  by 
100  feet  and  the  slope  1  inch  per  100  feet.  The  entire  flow  of  the 
pump  is  utilized  on  •!  to  4  l>eds  u(  u  time,  and  when  irrigating  '2  l>e«ls 
about  ten  minutes  flow  is  required.  Crops  other  than  onions  are 
irrigated  by  the  furrow  system,  the  furrows  being  200  to  600  feet 
long,  with  a  slope  varying  from  2  inches  lo  1  foot  per  100  feel. 

Wfif  jduiit. — Near  Karnes  City  Peter  Weir  has  installed  an  irri- 
gation plant  pumping  water  from  San  Antttnio  River  with  the  follow- 
ing equipment :  lOO-horsepower  horizontal  tubular  iRiiler;  lOO-hoi-se- 
power  thrt»ttling  engine,  speed  140  revolutions  per  minute,  which 
drives  through  belting  a  No.  8  centrifugal  ]mmp  provided  with  10- 
inch  suction  and  discharge,  throwing  a  stream  of  •lMl(i  gallons  per 
minute.  The  pump  makes  400  i-evoiutions  per  minute.  Water  is 
raised  47  feel  vertically  through  7JJ  feel  of  10-inch  pijie.  The  fuel 
consumption  of  the  plant  is  1.5  cords  of  wootl  in  twelve  hour.s. 

Water  is  pumped  into  a  canal  25  feet  wide  with  a  ma.ximuni  depth 
of  (i  feet  and  an  average  depth  of  3.5  feet.  It  is  0.75  mile  long,  and 
is  utilized  in  part  to  store  water. 

At  present  110  acres  are  irrigated  by  the  ]>hnit,  05  acres  Iwing 
planted  in  corn,  of  which  the  yield  is  claimed  to  W  70  bushels  per  acre. 

The  land  is  rented  out  to  tenants  under  contracts,  of  which  the 
following  is  a  copy : 


4 


State  ok  Texas,  Vuutitit  of  Karnen: 
TUi.s  coiitnict,  iiiiitle   li.v   aiul   tiftwoen   Peter   Weir  nml 


l»th 


of  Karue^i  County,  Texiis,  witnesseth  :  Tliat  said  I'etcr  Weir  tins  this  day  leriswl 

and  rented  to  the  said for  tlie  term  of uiouttLs,  lieuiaiiiaK  on 

the day  of ,  A.  D.  lt)0— ,  and  craUiin  oti  tlip day  <if .  .\.  L). 

390 — .  that  certain acres  of  laml  tills  day  iiiJirl;»Hl  mid  staked  iiff  l)y  the  par- 
ties tiereto,  It  iieiiis  a  imrt  of  tiie  farm  of  lln'  suld  I'eler  Weir,  slluiite<l  In 
Karnes  Cuuuty,  Te.xan,  ul>out  four  inik-s  iKtrtii  of  tlx-  town  of  Karnra  (.'Ity,  on 
tbe  San  Autoulo  Ulver,  and  helug  a  iiart  of  the  A,  Louibruuo  graut 
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Snid  Poter  Weir  furtlit-r  iinn-es  tu  furiiisti  fnnii  tlit'  Sim  Aiitoiili)  Uiver  witli 
UiH  immgjing  uiuL'liiiiei',v,  1u  tin-  iiimIii  tlltcli  or  cniinl  near  snid  litud,  Hutflrit-nt 
water  to  Irrlgiite  Miiid  land  aiu)  to  water  tho  i'ro\m  that  may  lie  sitiwiiij;  tUenvm 
at  all  nwessary  times  for  nud  diiriug  tlio  term  of  tills  leasi'. 

It  i»-ex|)ressly  stiimlatcd  and  agreed.  Iiowever.  tliat  tlie  sjiiil  I'eter  Weir  sluill 
oul,v  l>e  ro<iulre«l  to  exen-ise  reasoimlile  diliKeinc'  to  (iU|>)ily  tiie  water  for  irriga- 
tion i»ur]M)s««  a)>r>ve  uieiitioMtti.  and  lie  shall  not  he  liahle  fi<r  dniiiagi>s  on  Rci-oiint 
uf  a  failure  to  sii|>|tly  sucli  water  oeeasioiied  liy  a  lireakage  lu  iiiacliiin'ry  or  ao'i- 
•leiit  tliereto.  high  water,  failure  of  tlie  water  hi  the  river,  breakage  in  c'aiinl.  or 
from  any  other  eaxise  tluit  can  not  lie  jirovldeil  against  wltli  reasi)na()te  [inideiiee. 

For  tbe  rent  of  snid  land  and  tlie  use  of  sahl  water  for  nud  during  the  term 

of  this  lease  the  said agrees  to  |my  to  tlie  said  I'eter  Weir,  nt 

KnrneM  City,  Texas,  tbe  auiu  of  $ .  as  ftillowa ;  $ easlv.  the  rei-eliif  of 

which  1»  now  here  acknowledged  hy  the  saki  Weir,  and  f on  the day 

of ,  \.  D.  IfHt— .  and  * on  the  day  of  — ■ .  A.  D,  IfKI— .  and  ii 

first  lien  is  now  here  ackiiow  liilgtsi  on  all  the  croits  grown  and  to  lie  grown  on 
hald  hind  for  and  during  the  term  of  this  leiise  to  seiure  the  jmyment  of  all  said 
HUius  of  money. 

It  it  further  understiHMl  and  agrtiHl  that  the  said  I'eter  Weir  shall,  either  in 
I-erson  or  hy  an  agent,  at  all  times,  during  usual  working  hours,  lie  nt  or  near 

said  iHimiiing  iilant.  and  the  said shall  not  take  any  water  from  said 

main  ditch  or  canal,  except  as  hereinafter  jirovided.  nnlil  the  omsi-nt  of  the  said 
reter  Weir  or  his  said  agent  shall  have  tirst  heeii  olitaiiHil,  and  then  only  such 
(tunntity  of  water  shall  Ih>  taken  as  shall  lie  iirescrilieii  liy  tlie  said  Weir  or  his 

fgeiit:  ProvUIrtl.  Tiiat  tiie  sahi shall  nlvviiys  lie  entitleil  to  water 

on  of  each  week,  and  at  his  reiiuest  shnll  also  he  entlUed  to  water  at 

any  time  during  transidantlng. 


The  said 


hereiiy  agrees  tu  work   and  cultivate  said  premise.^ 


in  n  good  and  furm-iike  manner  during  tiie  term  of  this  lease  and  to  peaci'alily  sur- 
render the  |sis.session  tiieri-of  to  the  saUl  Weir  at  the  termination  Iheriof  In  as 
gotid  condition  as  it  imw  Is.  natural  wear  and  tear,  tlie  act  of  (iod  or  a  imhlie 
cueuiy  alone  exccpled. 

WltuesM  oiir  hands  this day  of ,  A.  I).  ICHi — 


Land  ailjoiniiifr  the  plant  hits  iiici-easeil  in  vnliie  $17  to  $25  per  aero 
since  its  installiitiun. 

With  fiiiTow  irritri>tii)ii  the  piim|)  fl«»w  is  used  on  30  rows  250  yards 
long,  takiiijr  alKiiit  an  iidur  In  How  tliroii^rh  tlie  same. 

The  corn  crop  was  phintod  early  in  March  and  harvested  the  first 
part  of  Se|)ienilK'r.  It  was  irrigated  twice.  Witliotit  rain  it  wonid 
require  tlireu  irrigations, 

Womi  for  fuel  costs  $1.25  per  cord,  being  cut  from  the  h»nd  of  the 
owner  of  the  plant. 

DeUitz-Viiiiijihi'll  phiiit. — Near  Knri»es  City  is  another  irrigation 
plant  pumping  from  San  Antonio  River,  owned  by  Delutz  and  Cainp- 
Ix'll.  In  ISKKJ— t  ^  acres  were  irrigated  Ity  this  plant:  8i.\  in  onions, 
1  in  melons,  0.5  in  jwlatoes,  and  0.5  in  truck.  This  year  (11MI5)  20 
acres  will  be  irrigated — 15  in  onions  and  5  in  cabbage.  Water  is 
30620— No.  158—05- — 26 
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pumped  from  the  river  by  a  No.  3  centrifugal  pump  driven  by  a 
lO-horsepower  }ia.s<jline  engine  consuming  l/2.>  "•allon.s  of  gasoline  jj«?r 
hour.  The  lift  is  44  feet  and  the  flow  295  gallons  per  minute  a.s 
measure*!.  The  present  plant  will  irrigate  uliout  3  acres  of  onions 
in  ten  hours.  Last  year's  union  yield  was  14.0(K)  p«iunds  jjer  acn*, 
for  which  the  price  received  wa.s  2  cents  per  pound  f.  o.  b.  No  ferti- 
lizer was  u*<l.  Onions  were  planted  Octol^er  1.5  and  harvested  April 
15-20.  Transplanting  took  10  men  three  weeks  and  harvesting  .*> 
men  two  weeks.  The  onions  wero  plante<i  4  inches  apart  in  rows  14 
inches  apart.  The  bed  systen>  of  irrigation  was  used,  beds  being  12 
by  100  feet.  The  entiiv  flow  of  the  pump  recjuinnl  five  to  eight  min- 
utes to  irrigate  a  bed.  The  firs-t  part  of  the  season  the  onions  were 
irrigated  evt-ry  two  weeks  and  after  that  everj*  seven  or  eight  days. 
About  12  irrigations  were  re<juired  during  the  season.  The  onions 
weighed  1.25  to  1.5  pounds  each.  It  is  the  intention  of  the  owners 
to  install  later  a  No.  fi  pump  driven  by  a  40-horsepower  engine,  to 
irrigate  70  acres. 

•R'R'RVII.T.'R. 

In  the  country  near  Beeville  there  are  several  successful  small  irri- 
gation plants  which  illustrate  iiow  trucking  may  In?  carried  on  to 
advantage  by  a  man  of  small  means.  The  water  supply  is  oiuained 
entirely  from  pumptnl  wells  which  furnish  a  comparatively  limited 
flow.  In  c"onsequence  much  greater  economy  is  practiced  here  in  the 
use  of  water  than  in  most  other  parts  of  Texas  which  the  writer 
visited.  All  kinds  of  soil  are  found  within  a  short  distance,  varj'ing 
from  a  sandy  to  a  waxy  consistency. 

The  State  experiment  station,  of  which  Mr.  Robertson  is  at  present 
in  charge,  is  situated  alK)ut  6  miles  from  Be»'ville.  Exjierinients  have 
l)eeu  conductetl  there  to  determine  the  conunercial  value  of  irrigation 
which  .show  clearly  its  great  imiwrtance.  Reports  are  carefully 
kept  of  the  cost  of  various  operations  and  the  latmr  necessary  for 
growing  a  crop  and  the  result-s  fi-om  irrigated  and  nonirrigiited  land 
show  a  .striking  contrast. 

.\  well  1.3;J3  feet  deep  was  bore<l  in  an  attempt  to  obtain  artesian 
water  near  Beeville.  At  40  feet  the  first  water  stratum,  which  was  of 
-sniall  cai>acity.  was  encountered,  water  standing  at  that  level.  At 
Ko  feet  the  water  rt>se  to  within  30  feet  of  the  ground  surface.  At  237 
feet  in  fine  sand  a  goo<l  supply  of  water  was  encountered  which  rose 
to  within  37  feet  of  the  surface.  At  400  feet  a  better  supply  was 
encountere<l  and  at  IJOO  feet  the  water  rose  to  within  Jt  feet  of  the 
surface.  No  artesian  flow,  however,  was  struck.  The  formations 
encountere«l  in  well  boring  near  Beeville  are  in  general  as  foUows. 
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From  .TTi  feet  down  tu  llfi  to  S<t  fi>et  tin*  Brouiid  Is  ixinms  I'lny  nwk  wiHi  ii  small 
wiitcr  sii[)|il.v. 

Fnmi  tluTc  t<i  UKl  feet  Is  n  stnituui  of  hhihI.  I 

At  12(»  feet  in  ti  Ti-fiKit  vein  of  iiulekmiml.  I 

At  224  feet  Is  aiiotlier  wiiter-liearlug  stratum  of  Bnuil.  I 

These  coiidittojis  hold  to  ahmit  4  mih>s  eiist  of  llip  town.  .Vboiit  <") 
miles  west  of  ihe  town  the  forinHtitm  is  i-ock  to  h  deptli  of  [2'i  to  I.'jQ 
feet.  At  120  feet  is  a  water-lx'ariiig  stratum  of  rock.  At  loO  feet 
is  a  water-bearing  sand  strutuni.  Nearer  Bccvillc  between  ileptlis 
of  40  and  11)0  feet  the  i^roniid  is  horieveomlH-d  siiiid  rot^U  yielilinj;  a 
limited  wafer  supply  and  which  is  underlaid  with  al>oiit  f>0  feet  of 
clay.  Twelve  miles  west  of  Heeville  is  a  jn'J'vel  stratum  Itetween  UtO 
and  \!)0  foot  levels.     Water  stands  ISO  feet  from  the  jrruinid. 

In  the  northern  jiart  of  Hee  County  the  wells  are  small.  M  the 
(iO-foot  level  a  small  amount  of  seepaf^e  was  eneonnlerel  in  a  well  at 
Pettus,  and  at  the  2'20-f(H)t  level  the  well  was  dry.  West  of  Bee 
Coiuity.  al  150-foot  levels,  is  a  wjiter-beariiig  stratinit  of  sand  and 
gravel  which  furnishes  a  fair  How.  Water  ^tands  100  feet  from  the 
surface  of  the  jrroinid.  In  the  southern  ))art  of  the  county  the  water 
gravel  is  40  feet  Indow  tlie  surface  and  furnishes  a  good  supply. 
Water  stands  without  flow  'M)  feet  from  the  surface  of  the  ground. 
In  the  eastern  jiart  of  tlie  county  the  water-bearing  sand  is  100  fi-et 
below  the  sin-face  and  furnishes  a  good  siipi)ly.     The  lift  is  Mi  feet. 

At  I'ettus,  U)  miles  nortli  of  lieeville.  is  a  dug  well  near  the  bank 
of  Medio  Creek,  which  is  said  t()  furnish  a  good  suj)ply  of  water. 
At  Skidmore  is  a  well  IMO  feet  deep,  dug  S  feet  s(]uare  for  the  lirst 
100  feet  and  drilieil  for  the  remaining  SO  feet,  supplied  with  8  and 
12  inch  casing.  Water  stands  120  feet  from  the  surface.  The  water 
strata  were  encountered  at  f)0,  120,  and  180  feet,  the  stratum  at  ISO 
fe<*t  being  gravel.  A  steam  pump  is  set  1.")  feet  above  the  water  level. 
The  length  of  suction  i)ipe  is  28  feet.  Ttie  delivery  of  tlie  pump  is 
100  gallons  jx'r  miinite. 

At  Sinton,  near  Chiltipin  Creek,  is  a  |>uniiK'd  well  delivering  Slvf 
gallons  per  minute.  .\  well  l.CiOO  feet  dee|>  was  put  down  in  this 
vicinity  in  the  hope  of  (imiing  artesian  water.  .Strata  of  water- 
bearing gravel  well'  encountered  between  "."j  and  400  feet,  but  uo  arte- 
sian flow  was  ()btained. 

II.  .M.  Perry  irrigates  25  acres  southwest  of  Skidmore.  A  t)-hor.se- 
[)<)wer  engine  drives  a  pump  delivering  7.")  gallons  |)er  minute  against 
a  lift  of  140  feet.     A  reservoir  of  r>(K),000  gallons  ca])acity  is  used. 

Near  Driscoll  are  three  small  farms  of  IJj  to  20  acres  each  irrigated 
by  pumping. 
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BreriUf  experiment  station. — According  to  the  fignns  of  J.  K. 
Bobertson.  irrigation  for  trucking  in  the  nrinity  of  Beerille  requires 
mn  arenigp  of  1  inch  depth  of  water  applied  every  10  dars  when  the 
weather  is  drr.  The  irrigations,  required  jier  year  per  crop  are  two 
to  ten.  The  pumping  plant  at  the  experiment  station  ooosist^  of  a 
deep-well  pump  operate*]  by  a  gasoline  engine  deliviering  65  galloDS 
per  minute  agaiast  a  lift  of  IK)  feet,  utilizing  4.5  gallons  of  gasoline 
in  ten  hour^  at  a  cost  of  14.5  cents  per  gallon.  .\n  earth  reservoir  62 
by  44  top  inside  measurements.  8  feet  deep,  side  slope  1  to  1.5.  capacitT 
90,000  gallons,  is  used  in  connection  with  the  pumping  plant.  The 
well  from  which  the  water  supply  is  obtained  is  100  frvt  deep,  the 
water  l>eing  in  a  porous  adobe  formation.  In  the  snmnter  of  l^^M, 
water  stood  65  feet  below  the  surface  of  the  grotind.  FormerlT 
the  level  was  15  to  20  feet  higher.  Water  is  pumped  by  a  6  by  22 
inch  deep-well  pump  run  at  -32  strokes  per  minute.  Pumping  at  this 
rale  the  well  pit  is  emptie<l  in  five  hours.  The  probable  flow  into  the 
pit  when  empty  i^  estimated  at  45  gallons  per  minute. 

The  reservoir  is  lined  with  a  mixture  of  73  per  cent  sand,  2  per 
cent  lime,  and  25  per  cent  coal  tar.  Air-slaked  lime  and  sand  were 
mixed  dry  and  |X)ured  into  boiling  coal  tar.  Fifty-three  pounds  of 
mixture  per  <iquare  yard  were  used.  The  surface  was  coated  with  a 
flsahed  tar  applied  as  a  paint,  made  by  boiling  tar  twenty  minates 
•nd  fla.><hing  it  while  boiling  until  the  grease  was  burned  out.  This 
lining  has  worked  quite  satisfactorily. 

Mr.  RobertMiH  figures  that  the  cost  of  gasoline  for  raising  water 
near  lleeville  wa-->  4  cents  per  1.000  gallons. 

Tlie  land  on  tin;  experiment  station  used  for  truck  growing  was 
fertilized  at  a  cost  of  $7  per  acre  with  the  following  commercial  ferti- 
Iiz#T:  Five  parts  of  nitrate  of  soda.  «i  of  acid  phosphate.  l>  of  muriate 
of  pota.sh.  The  two  latter  were  applied  from  seven  to  ten  days  before 
aeCtang  out  onions,  and  the  former  in  two  applications,  ooe  when  the 
bolb  was  half  grown  and  the  other  when  the  onions  were  half  grown. 
Fire  hundretl  |x>imds  per  acre  was  applied  and  the  same  required 
from  one-half  to  five  hours'  labor  for  its  application.  Three  pounds 
of  onion  seed,  at  $2  per  ix>und.  were  uied  per  acre.  The  following 
are  figuren  made  by  ilr.  Bobertson  on  the  cost  of  farming  and  the 
jrteld  of  land  with  and  without  irrigation.  The  time  was  carefullv 
kejA  of  all  operations  required  for  oi>e-twentieth  of  an  acre. 
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Ciml  of  (iiniiiiii/  J  acre  of  noiiirrigalrtl  lanit. 

Plowing  nntl  hnrrowliiK $2.00 

Liiyiiig  off  fiinvms.  IiiUir  iti  iiTlgiitioii  lK>fi>re  planting,  etc..  2.00 

Restli-rlug  with  ."i-tootli  L-uitlviitor 2. 0() 

Transplanting    onions tt.  00 

Water  for  irrigntiou  before  plnntlng  (40,000  gallons) \.m 

KlRlit  futtivatloiiH H.  m 

Hnnd   wwHling 5.  00 

Pulling  onions,  33.3  houra,  at  7i  eentu 2.50 

Triniuiiug,  sackliiK,  and  weighing.  IfK)  iHuirs,  at  7.5  cents 7.50 


Total     _ 35.20 

Note. — The  land  refeivod  one  Irrigutlon  only  liefotv  jilantlng. 

The  following  was  the  cost  for  irrigiitwl  land : 

Plowing  and  harrowing $2.00 

Fjijing  i>ff  furrows,  and  labor  of  Irrlgittion  before  planting..    2.00 

Itestirring 2.  00 

Tnins|>liintiiig  _ !).  00 

Water  foi-  irrigation  before  planting 1.(50 

KIght  cnllivatlous .3.80 

Ijiying  off  rows  for  Irrigating  after  ptnutiug 1.r»0 

Four    Irrlgnl loirs— water i'..  70 

Four  Irrigations — labor 4. 80 

Pulling.  trUuuiing,  sacking,  and  weigliiug.  100  hours,  nt  7.ri 
cents 14.25 


Total 47.45 

The  onions  were  red  Bermuda,  planted  -H  inches  apart  in  the  rows, 
which  weiv  15  inches  on  centers.  The  nonirripated  land  yielded 
19,075  |K)iinds  per  acre,  and  the  irrign(i>d  land  3H.0.">(i  ponnds  j>er 
acre.  Onions  planted  with  the  alnive  spacing  gave  the  following 
yield  in  ]>oiinds  frotn  a  .^0-f<K>t  row : 

PonndB. 

Red  Benmida 153.  50 

White    Bernuida 49.25 

( Tittle    3i5.  25 

Irrigatoil  onions  rcquire<l  no  liiind  weeding;  nnirrigated  onions 
required  10  days"  lalior  in  weeding  per  acre. 

The  following  are  the  com  para  live'  results  of  the  irrigated  ami  nnir- 
rigated cabbage  hind.     One-eighth  acre  was  used  in  obtaining  tlieso 
figure.s,  but  the  residts  are  reduced  to  cost  \)er  acre: 
^^  (  niniiiiitrd.  rj-if/tt  for  plntiting. 


.Mull  !iinl  leitni  iii.ving  "ff  rows,  4  liuum $0.80 

One  inaii,  4  lionrs.  Irrigating 

Water  for  Irrigatioti  before  planting 

Laiinr.  traiisjiltiiiting.  3(i  lioni*s . 

One  iiiiiii  raking  in  fnrrows 

Mall  and  iiiule.  !•  cnitivatioiw 

Hoeing.   (S    Iionrs 

Total  
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Coal  of  fanateo  IrHfatorf  ««Ak«pr  yrr  Mre. 

Man  and  teani.  laxios  off  rows,  4  boars $0.80 

Six  irrigatkMM  (I«T,niir>  eallouu -.. . «.80 

L«bor.  6  inipitloiu.  nmkini;  ditrb.  etc„  22  boon 2. 30 

Man  and  mule.  9  raltiyatiuos 2. 98 

Labor,  transplanting.  3U  booni 2.T2 

Labor,  raking  In  fnm»»vs .80 

Labor,  boeing.  r.  houra .60 


Total 16.88 

There  were  8^320  plants  transplanted.  1.V2  being  killed  bv  black  rot, 
2,720  plants  failed  to  head,  and  5.44*  planU  yielded  a  total  of  <">.144 
[•ounds  on  the  unirrigated  land. 

Irrigated  land  which  had  the  same  number  of  plants  traasplanted 
jieldwl  17.632  pounds,  248  plants  Ijeing  killed  by  black  rot.  80  failed 
to  head,  and  7.992  matured. 

The  following  prices  were  received  for  cabbage  in  1901 :  In  Feb- 
ruarj-,  l.SM).  1.70,  1.75.  2.02  cents  per  pound;  in  March.  1.96,  2.17 
cents  per  |xiund,  and  in  April.  2.2(>  cents  per  pound.  Tlie  average 
for  February  was  1.8«)  cents,  for  March.  2.07  cents,  and  the  average 
for  February'.  March,  and  April.  2.05  cents.  Figuring  on  2  cents 
jjer  ]xiund.  the  irrigatetl  land  yiehled  a  return  of  $352,  whereas  the 
yield  of  unirrigate<l  cablMigi-  was  only  $123. 

These  figiires  demonstrate  lieyond  a  doubt  the  absolute  commercial 
necessity  of  irrigation,  particularly  in  view  of  the  comparatively 
small  cost  of  the  same  and  vastly  increased  returns  the  dilTerence 
in  cost  l)eing  only  $7.80  jht  acix\  with  an  increase*!  yield  equivalent 
to  a  profit  of  $229.  These  figures  represent  what  can  be  obtained 
by  skillful  farmers  and  are  considerably  alxive  the  average. 

Rankin  fiirm. — In  the  country  around  Beevillc  there  are  several 
thri\ing  truck  fanns,  the  most  successfid  of  wliich  belongs  to  Carl 
Rankin.  The  water  supply  for  irrigation  comes  from  three  wells, 
two  of  which  are  i>unji)etl  by  12-foot  windmills  and  ilu-  third  by  a 
gasoline  engine.  The  present  snipply  of  water  is  just  sufficient  for 
the  irrigation  of  20  acn.>s,  15  of  which  l)el<»tig  to  Mr.  Rankin  and  5 
to  a  ncighlior.  By  far  the  larger  part  of  the  water  supply  is  derivecl 
from  the  engine-driven  pump,  the  well  for  which  is  of  5^-inch  casing 
and  175  feet  deep,  the  water  standing  aU>ut  40  feet  from  the  groimd 
le%'el.  From  experience  in  wells  near  l>y.  water  will  be  lowered  at 
a  rate  of  probably  G  inches  per  1  gallon  per  minute  rate  of  flow. 
A  deep-well  pump.  3.75  by  24,  is  driven  at  32  strokes  \»r  minute 
bv  a  gasoline  engine  of  2^  horsejiower.  The  capacity  of  this  pump 
is  37  gallons  per  minute.  The  end  of  the  pump  cylinder  is  40 
feet  Ijelow  the  slanding-water  level.  The  pump  di.si-harge  into  an 
earth  resi'rvoir,  80  by  52  feet  top  inside  measurement,  ami  about  0 
feet  deep,  the  banks  having  a  slope  of  1  vertii-al  and  2  horizontal. 
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The  iiiiiiip.  engine,  well,  ami  house  complete  cost  $1,000.  The  cost  of 
boriiifi:  wells  in  this  vicinity  is  50  eenis  per  foot. 

The  giisoline  engine  nins  iliiy  and  night  withont  attention.  The 
owner  estimates  tliat  tlie  engine  runs  one-third  of  the  year.  Gasoline 
at  14  cents  j)er  gallon  costs  SO  cents  for  twenty-fonr  lionrs'  rnn. 
I^lx>r  for  irrigating  1  acre  costs  tiO  cents  to  $1.  Irrigation  is  car- 
ried on  dnring  tlie  day  oidy.  the  puni|)  discharging  into  the  reser- 
voir at  night.  Twenty-four  hours'  run  of  the  ]juni])  will  furiush 
sufficient  water  for  the  irrigrttiou  of  -2  acres.  Fresjily  ])lowed  land 
will  take  at  the  start  twice  this  ijuantity  of  wiiter.  Truck  hind  is 
irrigated  every  ten  days  in  dry  weather. 

The  soil  on  this  ranch  varies  from  tilack  wa.xy  to  light  .sandy,  and 
is  1  to  2  feet  thick,  underlain  with  a  red  clay  sulisoil.  The  hind 
is  all  fertilized  with  burnynrd  manure. 

This  farm  is  a  gCKjd  example  of  the  Ijenefits  of  diveiMified  fanning. 
All  kinds  of  vegetables  and  trnck  are  gi-own  on  the  land,  uiul  the 
owner  says  he  is  able  to  sell  some  kind  of  produce  from  (he  farm 
every  day  in  the  year.  The  land  requires  six  to  eight  irrigations  per 
crop  per  year  for  truck  I'aising.  The  land  originally  ct>st  $'2.'j  |)er 
acre  a  short  time  ago  and  it  is  now  greatly  increasi'd  in  value.  Five 
acres  of  radishes  marketed  U-tween  .January  and  March  brought  $'200 
per  acre.  One  acre  of  beets  yieldeil  14.">  barrels — 2114  hunches  to  the 
barrel. 

Beiittm  farm. — Adjoining  thi'  IJankin  farm  is  (he  farm  of  Mr. 
Benl<ni.  A  well  for  irrigation  |)nr|)oses  has  recently  been  sunk  to 
the  same  de|jth  as  the  Hankin  well,  the  water  standing  42.i)  fwt  t)elow 
the  gioiind  level.  A  test  was  made  on  this  well  to  detennine  the  rela- 
tion Ix'tween  the  delivery  of  the  well  iind  the  distance  the  gr(^uud 
water  was  lowereil.     This  giive  the  following  results: 

Effect  <if  iHiniiiiiiii  nil  Icifl  itf  iiiiminl  inilrr. 

^™  This  indicates  that  the  How  of  this  ■well,  which  is  open  Ixittoni,  is 

I  directly  proportional  to  the  distance  whi<'h  the  ground  water  level 

is  lowered. 

Mcttsi'iii/er  f(tnu. — ^^'.  1).  Messenger  irrigates  10  acres  of  land  from 
a  immped  well  (>.2.")  inches  in  diameter.  !)0  feet  dec|),  and  casi'd  40 
feet.  The  pump  deli\ers  water  into  an  earthen  tank  40  by  r>.j  feet 
inside  top  measui'ements,  side  slopes  1  vertical  to  l.."t  horizontal.  The 
tank  is  about  5   feet   deep  and  cost   $'2aO.     The  cost  of  the  well. 


OaUoos 
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Depth 
water  WM ' 
lowered.  | 
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•Ihches.  ^-horsepower  gssoHne  engine,  and  4-incb  deep-wr>)|  pump 
ira?  $750.  The  cost  of  the  land  was  $40  per  acre.  The  land  was 
fertilized  with  manure  costing  10  cents  per  2-horse  load. 

Storall  farm. — A.  M.  Stovall  irrigates  a  small  tract  with  water  from 
a  6-inch  pumped  well.  The  water  stands  3(5  feet  below  the  ground 
level  and  is  raised  6  feet  above  the  surface  to  the  top  of  an  earth 
reeervoir.  A  1.5-horsepower  gasoline  engine  drives  a  3.75  by  20 
indi  deep-well  pump  30  .strokes  per  minute,  delivering  1  gallon  per 
minute  per  stroke.  The  engine  uses  4  gallons  of  gasoline  in  twenty- 
four  hojirs.  The  suction  pi|ie  of  the  deep-well  pump  is  25  feet  below 
the  level  of  the  standing  w^ater.  The  re&ervoir  is  45  feet  inside  base 
diameter,  with  side  slopes  1  to  1.  and  is  5.5  feet  deep.  The  total 
cost  of  plant  was  $425. 

Eidsoh  plant. — Mr.  Eidson  has  an  irrigation  plant  which  obtains 
its  water  s-upply  from  a  pumped  well  60  feet  deep:  the  distance 
from  ground  to  standing  water  is  35  feet.  A  2.5  horsepower  gaso- 
line engine  drives  a  3.75  by  24  inch  deep-weJl  pump  30  strokes  per 
minute  and  delivers  water  6.5  feet  above  the  ground  level  into  an 
earthen  tank  88  feet  inside  top  diameter  with  side  slopes  of  I  ver- 
tical to  2  horizontal.  The  cost  of  the  resert'oir  was  $200:  total  cost 
of  plant,  including  reservoir.  $800.  Seven  acres  in  com,  beets,  and 
truck  are  irrigated.  The  pump  delivers  30  gallons  i)er  minute. 
The  ttjist  of  gasoline  was  17  cents  per  gallon  and  of  operation  for 
twenty-four  hours  75  cents.  In  boring  the  well  the  first  water- 
bearing stratum  was  encountered  at  30  feet,  but  was  very  weak.  .Vt 
60  feet  the  water  stratum  i-onsisteil  of  2  feet  of  gravel.  The  reser- 
voir capacity  is  200,000  gallons. 

Murlrl^roy  farm. — R.  C.  Muckleroy  has  a  farm  4  miles  south  of 
BeeviUe,  which  derives  its  water  supply  for  irrigation  from  a  well 
59  feet  deep.  The  suction  pipe  of  the  deep-well  pump  is  within  2 
feet  of  the  bottom  of  the  well.  The  water  stands  24  feet  below  the 
ground  level  and  is  elevated  6.5  feet  farther  to  the  top  and  discharges 
into  an  earthen  rei^vrvoir  65  feet  inside  top  diameter  and  6  feet  deep. 
with  side  slopes  of  I  vertical  to  1.5  horizontal.  The  well  is  of 
oji  •  '"^  casing.  A  2.5-horse|x)wer  gasoline  engine  drives  a  3.75  by 
-4  inch  deep-well  pump  30  strokes  per  minute.     The  cost  of  the  res- 

oir  was  $200:   ix»t  of  engine.  $24.1;   cost  of  well  boring.  .">5  cents 

iT*^  a^V  ^^^  ^*''  ***  ^^^  ^^  '^'-  ^'"'*'  ***''  standing  water  level 
s  a  .iO-foot  sand  stratum  and  5  feet  of  stone,  the  soil  being  10  inches 

niaA-  1  "^^  *""  '"  September  was  shipped  in  Decemlier  and  Feb- 
1  and  \  ^  followed  by  a  crop  of  black-eyed  peas  planted  May 
flower  T  ""*^*''  -^"g"st  1.  On  the  same  land  a  crop  of  cauli- 
***•  and  J  "'"**^  ^■**  "**  out  in  September  .ind  shipped  in  Derem- 
anuarj-.     English  peas  planteil  .^ptember  1  were  shipped 
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October  15-30.  niid  radishes  planted  November  1  were  shipped  De- 
cember 15-30. 

Grisaett  place. — C.  L.  Grissett  has  a  farm  irrigated  from  si  well 
!l>0  feet  deop.  Water  stands  about  44  feet  beluw  the  ground  level. 
A  4-horsepower  grnsoline  engine  drives  a  3:j  by  iOjJ  inch  deep-well 
pump,  delivering  a  flow  of  28  gallons  per  minute.  Two  acres  of  land 
were  irrigated  jjer  day  of  ten  honrs,  in  wliich  time  3i  gallons  of 
gasoline  were  consumed.  The  land  is  used  for  truck  raising  and  is 
irrigated  every  twelve  days  in  dry  weather,  requiring  from  ti  to  8 
irrigations  pei-  year. 

McDowtll  ffirm.- — This  farm  of  4  acres  adjoins  the  Grissett  place 
and  is  irrigated  with  water  from  a  pumped  well  100  fe<>t  deep.  A 
1.5-horsepower  gasoline  engine  drives  a  2.75  by  10  inch  deep-well 
pump  44  strokes  [x-r  minute.  The  tlepth  to  ground  water  is  44 
feet  8  inches,  the  water  bi'ing  tliscbarged  into  ;i  wcKtilen  tank  5.5  feet 
deep,  8.75  feet  in  diameter  at  the  bottom,  and  7.5  feet  in  diameter 
at  the  top.  A  windnnll  also  furnishes  a  small  additional  supply. 
The  pump  and  windmill  together  deliver  2,S()0  gallons  of  water 
in  2.33  hours  on  an  average.  Starting  with  the  tank  full  and  the 
pump  running  1.5  acres  can  be  irrigated  in  ten  hours.  Truck  is  irri- 
gated once  a  week  in  dry  weather. 

h'ooH  pidiif. — W.  T.  Koon  leased  5  acres  of  imjyroved  land  for  one- 
half  of  the  crop.  The  land  is  irrigated  every  ten  days,  from  0,5  to  1 
acre  of  land  Ijeing  irrigated  per  day.  On  the  land  is  a  i-eservoir 
t»  feet  deep,  4(>  by  t;2  feet  top  inside  measurements,  with  side  slo|x^s 
of  1  vertical  to  U  horizontal.  The  water  supply  is  furnished  frtmi 
an  SO-foitt  well  dug  li  feet  sfptare,  tlie  distance  to  water  iK'ing  40  feet. 
A  deep-well  pump  driven  by  a  3-horsepower  gasoline  engine  supplies 
the  necessary  water. 

IIolli<//i;/  plant. — Mr.  Holliday  has  an  irrigated  farm  on  which 
is  a  well  320  feet  deep,  the  water  standing  40  feet  below  the  ground 
level,  and  it  is  said  that  at  50,  70.  90.  120.  ISO.  240,  and  320  feet  water 
strata  were  encountered.     This  is  the  deepest  well  in  Bee  County. 

Bowen  farm. — J.  J.  Bowen  has  a  small  irrigation  plant  which  de- 
rives its  water  sup])ly  from  wells  pumped  liy  windmills.  The  water 
is  discharged  into  a  tank  53.5  fwt  top  diameter,  5  feet  deep,  side  slopes 
1  vertical  to  2  horizontal.  Considerable  difficulty  was  experienced 
in  making  the  res<'rvoir  hold  water.  To  prevent  seejjage.  (>  barrels 
of  crude  oil  were  ap|died  in  two  coats  to  the  reservoir,  the  cost  of 
the  oil  being  $20.     Thi.s  was  not  wholly  successful. 

}fo(k  fiiriii. — Mr.  Mock  irripites  a  snudl  trac-t  of  land  with  water 
pumped  from  a  S^^-inch  well,  i)3  feet  ileep.  The  gmtuid  water 
stands  without  flow  50  feet  below  the  level  of  the  ground.  A  2} 
by  13^  inch  deep-well  pump  is  submerged  34  feet,  the  pump  being 
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driven  by  a  li-h(»rsi'[K)Vvt'r  <;nsi)liiie  eufjine.  A  wiinliuill  van  hv 
tonnwtL'd  to  tho  piiiui)  in  plaw  of  the  engine.  The  water  is  dis- 
charged into  an  earth  tank  :W  by  4."»  feet  insiile  top  measurements, 
side  slope  1  vertical  to  '2  liorizouta!.  Tlie  tank  i>  5  feet  deep  and  is 
eoated  with  tlie  followinij  coniliinatioii :  Twelve  |)arts  ashe.s.  8  parts 
sajid,  1  part  lime,  and  0.4  part  suit.  This  is  put  on  as  a  mortar. 
After  hardening  it  is  given  a  coat  of  oil  or  coal  tar.  The  well  has  a 
limited  cajMicity.  and  when  the  engine  is  operated  ordy  a  small  part 
of  the  pump  eapaeity  is  obtained.  The  cost  of  apparatus  is  as 
follows : 

12-foot   wimlmill    - Hat 

."iO-foot  tower,  iTfHtwl  25 

2-lnjrsepon-er  i;iis<iline   fiigine 135 

Dcfiv-wt'll  pmuiii • 25 

Gasoline  tank  8 

Shed .. 15 

Well 70 

Pipe 48 

SettluK  up  eiifjlne 10 

Reservoir  75 

Total - 471 

Elliott  pliDtt. — Mr.  Elliott  irrigates  a  small  farm  with  water 
pumped  from  wells  by  two  10-foot  windmills  operating  one  3  by  8 
and  one  .'i.J  by  S  deep-well  pumps.  The  water  is  pumped  into  an 
earthen  tank  Mith  ii  top  diameter  of  i>:i  feet,  side  slopes  of  1  vertical 
to  2  horizontal.  In  normal  wind  the  jiumps  will  fill  the  tank,  which 
is  about  4  feet  ilee]i,  in  from  two  to  three  days.  The  owner  estimates 
that  he  can  irrigiite  •->  acres  with  water  pumped  by  the  windmills. 
Truck  and  sorghum  are  the  crops  grown,  and  are  irrigated  every 
ten  days  in  dry  weather. 

WuterworkK  well. — The  city  waterworks  at  Beeville  tlerives  its 
water  supply  from  a  6i-inch  well  225  feet  deep  near  the  center  of  the 
town.  The  water  supply  is  obtained  from  i>  strut  urn  of  15  feet  of 
water  santl.  The  well  is  operated  by  means  of  an  air  lift,  a  L.'i-inch 
air  pipe  being  inserted  in  the  center  of  the  casing.  When  water 
was  Hrst  puuqxnl  from  this  well  it  delivered  .->."i  gallons  per  mimite; 
in  two  weeks  the  flow  increased  to  1'21  gallons  per  minute,  and  a 
day  later  to  14r>  gallons  per  minute.  One  month  after  starting  the 
well  gave  123  gallons  per  minute  and  shortly  afterwards  2().'i  gallons 
per  minute.  The  air  pi|)e  extended  It  feet  below  the  end  of  the  cas- 
ing. The,  air  pressure  sii|>plie<l  under  these  conditions  was  ."VO  to 
55  pounds  per  square  inch.  With  the  air  pi])e  at  this  depth  con- 
siderable sand  was  pum|K>d  from  the  well.  The  air  pipe  was  sid>- 
sequeiitly  shortened  to  a  length  of  210  feet,  at  which  depth  45  pounds 
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uf  uir  prcssuri'  are  ri'(|iiirud,  tk-livcriiig  a  flow  of  2:54  {gallons  jjer 
luiinite. 

Coh'man-Fiilcton  Faifdn-c  Coynpany. — Tliis  ninipiuiv  owns  170,000 
acri's  near  Gregory,  extemliug  practiciilly  to  the  Hiilf.  Tlu-  laiul, 
iniicli  of  wliich  is  quite  level,  is  used  entirely  for  stock  raising,  and 
as  yet  there  has  been  no  attempt  at  irrigation.  In  places  it  has  Ijeen 
found  necessiiry  to  put  in  surface-drainage  ditehes  to  handle  the 
surplus  rain  water.  Several  wells  have  heen  hored  for  stoek  water. 
birt  these  are  all  of  small  capacity.  Near  the  eastern  part  of  the 
ranch  Chiltipin  Creek  empties  into  .\j-ansas  River,  the  basin  at  this 
point  l>eing  alH>ut  a  mile  wide  and  fully  20  feet  deep.  ("hilti])in 
Creek  ehamiel,  to  which  the  flow  of  water  is  mainly  confined,  except 
during  freshets,  is  alxiul  10  feet  Ik'Iow  the  Uittom  of  the  creek  basin 
and  at  its  mouth  is  about  ;5,r)00  yards  wide.  About  a  mile  from  llie 
month  of  the  creek  is  a  10-f(X)t  ilani  across  the  river  channel,  which 
backs  the  water  up  20  miles.  The  bed  of  Aransas  Kiver  is  also  very 
level,  and  it  has  been  estimated  that  a  dam  acniss  the  river  basin 
would  furnish  a  storage  40  miles  long,  0.25  mile  wide,  and  20  feet 
deep,  and  that  Chiltipin  Creek  would  furnish  a  storage  20  miles 
long,  0.125  mile  wide,  and  20  t'e<'t  deep.  Aransas  River  is  75  miles 
long,  its  drainage  extending  through  a  distance  somewhat  less  than 
10  miles  on  either  side  near  the  mouth,  while  Chiltijiin  Creek,  which 
is  35  miles  in  lengtii,  lias  a  drainage  area  of  alx»ut  one-half  this 
width.  If  these  figures  are  correct  they  would  give  a  storage  for 
Chiltipin  Creek  of  32,000  acir-feet  and  for  Aransas  River  of  12.s,000 
acre-feet,  and.  allftwing  18  inches  of  stored  water  for  the  irrigation  of 
land,  they  would  together  irrigate  10(i,l(>7  aci-es.  Assuming  10  per 
cent  <)f  the  water  which  falls  as  the  nin-olT  of  the  land  and  .'50  inches 
of  rainfall,  this  would  call  for  a  draiiuige  area  of  1,000  s((uare  miles 
which  would  apparently  be  availal)lt'.  The  figures  given,  however, 
are  not  the  results  of  iiu'asiuTments,  but  are  iiased  on  observatiims 
by  those  familiar  with  the  country.  An  accurate  survey  would,  of 
course,  be  required  to  definitely  iletermine  tiie  feasibility  of  such  an 
mulertakiug  as  damming  the  river.  The  water  in  Chiltipin  Creek 
runs  about  thii'ty  days  in  the  year  and  in  Aransas  Rivfr  for  six 
months  of  the  year.  Tlie  possibility  of  the  storage  of  water  which 
this  exem[)lifies  is  certainly  worthy  of  careful  consi<leration,  owing 
to  the  vastly  increased  value  of  irrigated  over  unirrigated  land. 

COBFUS  CHBI8TI  Ain>  AUCE. 


The  supply  of  water  near  Corpus  Christi  consist-s  of  (1)  the 
Nueces  River,  (2)  drainage  from  the  land  into  Oso  Creek,  and  (3) 
pumjx'd  wells.  Nueces  River  can  not  be  depended  upon  to  furnish 
a  continuous  supply  of  any  extent  throughout  the  year,     Oso  Creek 
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runs  in  wpt  weather  only.  The  pumped  wells  so  far  developed 
which  furnish  a  rt'liuljff?  supply  of  water  are  of  small  capacity.  In 
an  attempt,  to  find  artesian  water  a  well  was  boretl  1,730  feet  and 
artesian  water  enc()untered.  Imt  it  was  so  strongly  inipreg^iated  with 
sulphur  and  salt  that  it  was  impossible  to  use  it  for  irrigation.  At 
540  feet  .sulphur  water  was  found,  and  at  1.440  feet  there  was  a 
strong  flow  of  salt  water  which  had  a  head  of  1*0  feet  above  the 
gi'ound.  Numerous  surface  wells  have  Ijoen  sunk  for  irrigation  pur- 
pose.s,  but  these  are  all  of  small  capacity  and  operated  mainly  by 
windmills. 

Three  irrigation  projects  have  be«n  talked  of  which  would  involve 
the  storage  of  rain  or  river  water,  but  nothing  has  ever  been  seri- 
ously atteniptcil  in  the  construction  of  the  reservoirs.  Oso  Creek 
drains  a  country  '2i'>  miles  long  and  "20  miles  wide,  and  at  its  mouth 
opens  out  into  a  large  shallow  lake,  about  .">  square  miles  in  area,  lying 
next  to  the  sea,  but  is  seldom  filled  with  water.  The  soil  in  the 
bottom  of  the  lake  is  of  a  sandy  alkaline  luiture.  It  has  been  pro- 
jx>sed  to  build  a  levee  2  miles  in  length  to  make  this  lake  serve  as  a 
storage  basin  for  rain  water,  an  average  depth  of  10  feet  being 
obtaiiudile  in  this  manner. 

Another  proposition  is  to  erect  a  dam  across  the  creek  a  short 
distance  above  where  it  widens  out  into  the  lake.  The  plans  which 
weiv  made  involved  the  erection  of  a  dam  2,200  feet  long,  built  with 
a  masonry  section  500  feet  long,  26  feet  maximum  depth,  and  resting 
on  clay  (i  feet  bdow  the  surface,  the  renuiining  1,700  feet  to  consist 
of  an  earth  fill.  Four  hundred  and  fifty  feet  of  the  ma.sonry  part 
of  the  structure  was  to  serve  as  a  spillway,  the  maximum  depth  being 
20  feet.     This  dam  would  store  about  12.000  acre-feet  of  water. 

The  third  project  involves  the  damming  of  Nueces  Bay.  The 
Nueces  River  empties  into  Nueces  Bay,  a  large  shallow  sheet  of  water 
2  to  3  feet  deep  and  20  s<|uare  miles  in  area  (fig.  59).  Wien  the 
river  is  very  high  the  water  in  Nueces  Bay,  and  even  for  some  dis- 
tance Ijeyond,  opposite  Corpus  Christi,  Ijccomes  so  fresh  that  it  is 
potable.  At  the  mouth  of  Nueces  Bay,  where  il  joins  Corpus  Christi 
Bay,  the  .San  Antonio  and  Aransas  Pass  Railroad  eros.ses  a  trestle 
IJ  miles  long.  Numerous  proposals  have  been  made  to  make  this 
bay  serve  as  a  i-eservoir  by  building  a  low  levee  across  the  bay  near 
the  railroad  trestle.  Much  of  the  land  near  the  buy  is  very  low,  an<l, 
in  consequence,  were  a  reservoir  to  be  constructed  it  would  necessitate 
many  miles  of  levee  in  addition  to  the  levee  crossing  the  mouth  of 
the  bay.  The  Nue<-es  River  itself  near  the  coast  has  very  little  fall 
for  nmny  miles  and  i>efore  entering  the  bay  the  river  channel  is  narrow 
an<l  <1«-1>.  the  result  Ix-ing  that  whon  the  river  is  at  all  high  it  Hoods 
considerable  laud,     In  connection  with  the  proposed  dam,  it  was  esti- 
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mated  that  oicii  tlioiifrli  tlie  wutiT  level  in  the  ImmI  should  1h?  raised 
only  '2  feet.  10,000  acres  would  l>e  floodeil.  The  Imttoni  of  the  hay 
is  coiujiosed  of  bhiek,  sticky  mud  and  oyster  shells.  Only  careful 
surveys  <'ould  determine  tl»e  feasibility  of  suc-h  an  innlertrtkin;r.  hut 
a  shallow  reservoir  would  Ije  open  (t»  many  oljjections.  ^JVUJ)^^^ltion 
losses  would  Im>  heavy  and,  in  iiddilion,  the  danger  of  containinntion 
hy  salt  would  Im'  very  jrrent.  The  plan  proposed  fur  the  rest'rvoir 
called  also  fur  10  miles  of  embankment  -1  feet  high,  and  it  was  the 
intention  i.t  run  the  water  within  1  foot  of  the  top.     This  i.s  entirely 


P 


Flo.  60. — Map  of  Corpus  Clirlstl  Bay. 

too  little  nnirgin  to  allow,  as  the  waves  woidd  probably  wash  the  levee 
out.  In  order  to  irrijrate  any  ((uantity  of  land  from  Nueees  Bay  the 
water  would  have  to  lje  pumijed  against  a  head  of  40  to  70  fi'pt. 

The  land  near  Corpus  Christi  is  very  productive,  and  in  good  years 
irrigation  is  not  a  neoe.ssity.  However,  the  Ix'nefils  of  irrigation  in 
the  insurance  against  loss  as  well  as  in  the  inerease<l  returns  are 
greatly  appreciated,  as  shown  by  the  high  rates  paid  for  water. 
The  customers  of  the  Corpus  Christi  waterworks,  in  spite  of  the 
high  waier  rates,  as  a  rule  tliitdi  the  results  accomplished  justify 
the  expenditure.     Cabbage  and  cotton  have  lieen  two  of  the  most 
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siicoossful  cro))s  frnAvii  nt  Corpus  Ctiristi,  the  returns  from  llie  fornier  ' 
Iwiiif^  excfi)li()rialiv  InrfT"'  in  J!'04.     Some  of  \]w  rottoii  IiiikI  |>roiiiR't'tl 
1   to   1.5  biileH  pt-r  acrt-,  Imt   the    boll   wwvil   nit   down   this  yi<'lil 
inntcrialty. 

Till-  irrigulilf  liiiid  nt-ar  Corpus  Christi  starts  fi'oin  tin*  bliilf  on 
whioh  a  part  of  tlu'  city  is  situated,  some  20  to  40  feet  alwve  the 
.sea  level.  The  laml  is  fairly  level,  with  a  snffij-ieiit  s1o|-h',  however, 
to  U-  irrr<j;atp(l  ailvantageoiihly,  ami  in  some  places  it  lias  heen  neces- 
sary to  construct  drainage  canals  to  dispose  of  the  rain  water.  Sev- 
eral small  irrijrated  farms  near  Cor|)ns  Christi  derive  their  supply 
from  pumiK'd  wells,  the  usual  motive  power  for  driving  the  pump 
l>eing  a  windmill.  The  quantity  nf  water  obtained  from  these  wells 
is  limited  and  inclined  to  U-  brackish.  The  wells  are  mostly  open 
bottom,  and  the  water  is  usually  fuund  in  gray  sand. 

The  city  waterworks  of  Corpus  Christi  obtain  their  water  supply 
from  the  Nueces  River,  the  pumping  station  being  situated  at  Nneces- 
town.  al)out  Hi  miles  from  Corpus  Christi,  at  which  point  the  Nueces 
River  is  about  150  feet  wide  and  8  feet  deep.  A  short  distance 
below  tlie  power  station  a  wooden  dam  has  l>een  constructed  across 
the  river  channel,  rather  to  keep  the  salt  and  fresh  water  separated 
than  to  serve  for  storage  purposes.  The  actual  storage  basin  of  the 
river  itself  is  some  25  miles  long,  due  to  a  very  gradual  slope.  The 
pump  .station  delivers  water  through  a  10-inch  pipe  into  a  stanilpifie 
in  Corpus  Christi.  In  several  places  along  the  pipe  line  this  water 
has  been  usimI  for  irrigation  purpose's.  The  friction  in  the  pipe  adils 
very  greatly  to  the  head  against  whicb  it 'is  necessary  to  pmnp.  The 
company  furnishes  water  for  irrigation  from  the  pipe  line  at  $75 
per  500,000  gallons,  tlie  wat<'r  Ix'ing  sold  in  thes«'  units  only.  Water 
for  stock  is  furnished  at  $14  per  farm  per  year.  This  charge  of  15 
cents  per  1,000  gallons  for  irrigation  purposes  is  so  high  that  the 
most  careful  means  of  utilizing  the  water  are  employed.  Iron  pipe 
and  canvas  h<)se  are  used  for  distrilnition,  the  water  Ix'ing  allowed  to 
run  freely  out  of  the  hose,  which  is  moved  as  soon  as  the  ground  is 
irrigated, 

Ilit/f  f,irm.—H.  T.  Hutf  irrigates  35  aci-es  with  500,000  gallons  of 
water  per  irrigation.  3-inch  canvas  hose  l)eing  used  for  the  work. 
Cablmge  received  two  irrigations  and  jx'as  one.  According  to  these 
figures,  the  depth  per  irrigation  was  oidy  slightly  over  one-half  of  an 
inch.  Irrigation  was  carried  on  in  March  and  April.  The  cost  jjer 
vear  [ler  acre  irrigated  was  $5. 

Klfhei(f  farm. — Rolwrt  Kleberg  irrigated  15  acres  of  fruit  and 
truck  four  times  at  a  cost  of  $10  to  $15  per  acre,  which  corresponds 
to  a  depth  of  2.5  to  3.7  inches  per  anmuii. 

Trott  furm.—iih-.  Trott  irrigated  8  acres  of  caitbage  with  2,000,000 
gallons  of  water  from  the  pipe  line  of  the  Corpus  Christi  water- 
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works,   the  ground   receiving 
irrigation    lieiiig    '2M    incht's. 


^ 


four  irrigations  uml  ilie  depth  per 
Tliirty  thousand  to  7.'»,0()0  guiiuns 
f  water  were  used  per  iicre  per  irrigation,  depending  on  the  condi- 
tion of  the  soil. 

AVodki'M  farm. — N.  Xoake^s  owns  10  acres  near  Xuece.stown,  whicli 
were  planted  to  cabbage  in  1904.  Tlu'  land  is  situated  on  the  bank 
of  the  Nueces  Kiver  and  water  was  pumped  by  a  X<>.  .">  centrifugal 
jminp  driven  by  a  gasoline  engine,  utilizing  ."<  gallons  of  fuel  per  day 
of  ten  hours'  run.  The  lift  averaged  9.5  feet.  The  volume  of  water 
discharged  was  ai)i>roxiuiiitely  2r)()  gallons  per  minute.  Seven  acres 
were  irrigated,  water  being  applied  twice,  the  first  time  retpiiring  eight 
days'  run  of  ten  hours  each  and  the  second  six  days'  run  of  ten  houi"s 
each.  The  furrow  system  was  used,  the  furrows  being  iif  lengths 
varying  up  to  000  feet  and  the  stream  of  water  being  divided  between 
seven  furrows. 

Fowler  farm. — Mr.  Fowler  irrigates  a  small  tract  by  means  of  rain 
water  collected  in  reservoii-s  formed  by  damming  the  natural  draws. 
Water  is  also  pumped  from  a  SyV-inch  well  178  feet  deep,  provided 
with  a  strainer  of  4J-inch  casing  8  feet  long,  in  which  are  drilled  three- 
eigliths  inch  holes,  the  lower  end  of  the  strainer  Ixung  set  in  clay. 
Water  was  found  in  a  sand  stratum  and  is  somewhat  impregnated 
with  sulphur  and  iron.  It  stands  H.o  feet  from  the  surface  anil  dtws 
not  rise  above  the  S)-foot  level.  It  is  raised  by  a  ])Uiu]i  set  in  a  pit  18 
feet  deep. 

Ervrhtirilt  farm. — The  well  on  this  farm  is  150  feet  deep  and  has 
an  open  bottom.  It  starts  with  a  5^^-inch  casing  and  ends  with 
3-inch.  The  level  of  standing  water  in  the  well  is  IG  to  23  feet  lielow 
the  ground.  A  windmill  operates  a  2.5  by  <>  inch  deep-well  pinup, 
which,  at  40  strokes  per  minute,  lowers  the  water  level  in  the  well 
()  feet.     This  carrespon<ls  to  a  flow  of  about  5  gallons  |K'r  minute. 

fli'tfih  fiiriit. — Captain  Heath  irrigates  4  acres  with  water  puniped 
from  a  well  1.S2  feet  deep.  The  well  starts  witli  (J^'^^-incli  casing  ami 
ends  with  4-inch.  A  12-foot  windmill  drives  a  deep-well  pum|) 
4  by  8,  delivering  about  fi,000  gallons  ])er  day.  A  supply  of  good 
water  is  obtained  at  a  depth  of  1H2  feet  in  <i.5  feet  of  .sand,  below 
which  are  18  inches  of  clay  and  10  feet  of  sand,  the.se  three  strata 
being  overlain  by  one  of  rock. 

Knox  (firm. — Mr.  Knox  irrigates  his  laud  from  a  4}-inch  well  l.Vt 
feet  deep,  the  .supply  In-'ing  in  7.5  feet  of  water  sjind  and  the  distance 
from  the  ground  to  the  surface  of  the  water  23  feet.  A  12-foot 
windmill  drives  a  2.75  by  12  inch  pump. 
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ALICE. 

From  thf  coasttil  ponntry  ncHr  Corpus  Cliristi  (o  the  Rio  Grande 
for  a  distance  cf  ')0  to  (JO  miles  inland  the  ground  is  very  level.  From 
Corpus  Christi  to  Alice  the  rise  is  very  gradual,  the  elevation  at 
Alice  iK'iiig  210  feet  aUove  the  sen.  Little  irrigatiim  is  curried  on 
near  Alice,  the  water  supply  Ijeinji  derived  from  pumped  wells  of 
limited  capacity.  At  a  depth  of  <>00  to  tMO  feet  a  fairly  good  water 
stratum  is  found,  in  which  the  water  rises  to  a  level  of  30  to  40  fwt 
below  the  grouiyd.  In  the  surface  wells  near  Alice  the  first  water 
sand  is  encounteivd  between  90  and  125  feet. 

The  San  Antonio  and  Aransas  Pass  Railroad  has  a  pumping  sta- 
tion operating  four-  wells  210  feet  deep  with  ti-incli  casing,  each  pro- 
vided with  a  single-acting  3  liy  18  inch  deej)-well  pump.  These 
pnnijis  are  all  o]>eniled  from  the  same  shaft,  and  when  run  at  a  speed 
of  10  strokes  jx-r  luiiuite,  delivering  88  gallons  |>er  minute,  the 
water  level  is  lowered  la  feet.  Without  flow  the  water  stands  115 
feet  Ih'Iow  the  ground.     The  wells  are  12  feet  apart. 

An  S-incli  well  lu'ar  by  delivers  l*2i>  gallons  jku'  minute.  At  Alice 
the  Texas-Mexican  Railroad  has  a  5-inch  well  800  feet  deep,  from 
which  water  is  raised  by  a  direct -connected  steam  deep-well  puu)p. 
The  level  of  the  standing  water  in  this  well  is  40  feet.  At  150,  300.  ^ 
and  450  feet  water-lK'aring  stiata  were  encountered,  at  which  i>oints  H 
the  casing  was  iM'rforaled.  The  water  is  somewhat  brackish.  The 
rate  of  discharge  of  the  pump  is  20  gallons  (wr  minute. 
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The  elevation  of  Alice  is  too  great  to  obtain  an  artesian  flow  of 
water.  The  general  slojje  of  the  country  is  toward  the  south  and  e«st 
and  the  nearest  artesian  wells  are  close  to  the  Santa  (Jertrudas 
ranch,  about  25  miles  south  of  Alice.  Eighteen  miles  southea.st  of 
Alice  Mr.  Weill  lias  a  well  070  feet  deep,  in  which  water  stands  l.'j 
feet  below  the  surface.  Nine  miles  south  of  this  well  and  alKJUl  C> 
miles  north  of  Kingsville  is  a  flowing  well  500  feet  deep,  delivering 
25  gallons  per  minute.  As  a  general  rule  the  flow  of  the  wells 
increases  toward  the  s{>uth  and  east.  This  is  mainly  due  tu  the  fact 
that  the  ground  strata  slo|x>  in  this  direction  more  rapidly  than  the 
grotmd  itself,  resulting  in  wells  having  a  higher  static  piv.ssnri' 
above  the  level  of  the  ground  and  therefore  greater  flows.  At  the 
same  time  the  wells  tt)ward  the  southeast  In-come  deejjer.  In  boring 
wells  in  this  vicinity  many  water  strata  were  encounteivd  which  are 
uuiii  for  use  on  account  of  sulphur  or  salt.  This  is  i)articularly  true 
toward  the  coast,  as  at  Corpus  Christi,  where  artesian  strata  an* 
encountered  at  gi'eal  dejith,  but  the  water  is  so  strongly  impregnated 
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With  sulphur  and  salt  it  is  unfit  for  use.  The  sand  in  vrhich  arte- 
sian water  is  found  in  (his  ctnuitiT  is  rather  fine  iniil  of  a  brown  color, 
overlaid  by  a  thick  l>e(l  of  reddish-lirown  elay.  Artesian  sand  strata 
are  usually  15  to  40  feet  thick  iiiul  on  the  Sauta  (lertrudas  ranch  are, 
as  a  rule,  400  to  (JOO  feet  below  the  surface. 

The  tnajority  of  the  wells  are  of  o^'.-inch  easing  and  .'jOO  to  1.200 
feet  deep.  Some  are  open  bottom,  but  most  of  them  are  provided 
with  strainers  made  of  sections  of  ]iipe  small  enough  to  Ht  inside  the 
casing  and  drilled  witli  a  uuud)er  of  tllr^^e-eighlhs  or  one-half  inch 
holes.  A  strainer  conuuonly  used  consists  of  a  joint  of  4J-iueh  cas- 
ing, in  whicii  six  three-eijihtlis  inch  holes  are  drilled  in  (he  circum- 
ference, (be  rows  of  h<iles  being  '•)  to  12  inches  U|)art.  The  strainers 
have  their  lower  ends  set  in  the  clay  beneath  the  water  sand  ami 
jjroject  into  the  well  casing.  Tliey  are  not  fjrovided  with  either 
gauze  or  wire.  On  account  of  the  dangei'  of  the  clay  above  the 
water  strata  caving,  wells  with  strainers  of  this  nature  are  preferred 
to  those  with  open  bottoms.  StraiiuM-s  with  holes  of  this  size,  how- 
ever, will  scarcely  keep  out  the  sand,  and  (he  result  will  be.  us  pointed 
out  in  the  di.scussion  of  wells,  that  the.  lower  part  of  the  strainei-s 
will  fill  with  sand  and  the  entire  water  supply  enter  the  casing 
throtigli  the  upper  holes  only. 

The  wells  arc  all  put  down  with  hydraulic  rigs,  a  2-iiich  drill  pij>e 
with  a  bit  on  the  etui  being  used  in  boring,  as  already  described. 
These  boring  rigs  are  usually  operated  by  gsisoline  engiiu-s.  though 
some  utilize  hor.sei>ower.  l'"oiiy  feet  of  well  me  (u-ilinarily  made  in 
a  day.  the  rigs  operating  during  the  ilaylimc  only.  In  boring  Clinch 
wells  two  (■)  by  (i  inch  single-acting  i)mn|)s  are  usetl  for  siipjjlying 
water  to  the  drill  pipe.  These  pumps  nui  at  40  revolutions  per  minute 
nml  oticralc  umler  a  pressure  of  li'i  to  10  jxiunds.  and  dcdiver  a  flow 
of  about  0(1  gallons  per  minute  fav  wells  of  this  size.  .Miout  1,.'>00 
gallon.s  of  water  \x'V  day  are  needed  to  compen.sate  for  .seepage  los-ses 
in  drilling.  A  0-hors«'])ower  gasoline  engine  used  to  sup|jly  jiower 
fiir  drdliugaiid  pum]iing  c(uisumcs  (>  gallons  of  fuel  in  twelve  hours. 

The  land  in  this  pari  of  (he  rounlry  is  all  in  large  holdings,  which 
in  the  |»ast  ha^'c  lM*en  used  for  cattle  raising.  The  (wo  largest 
ranches  behmg  to  Mrs.  JI.  H.  Kitig  und  John  Kenedy,  and  each  con- 
tains in  the  neighlxirhood  of  l.O00.(K>0  acres.  The  Santa  (lertrudas 
ranch  of  COO.OOn  acres,  starling  about  IS  miles  s<)uth  of  .Vlii-e.  and 
Kl  Snm.  ranch  of  ^()0.(f(l()  acres,  situated  some  50  miles  north  of 
Brownsville,  are  both  the  property  of  Mrs.  King.  The  Kenedy 
ranch  lies  between  these  (wo  tracts,  extending  toward  the  coast. 
E.  C.  Ijasater  and  Maj.  J.  li.  Armstrong  are  also  large  landholders 
in  this  section. 
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Till-  coiinfrv  is  practically  devoted  to  cattle  raising.  About  15" 
Dcnw  of  g^roiiiiil  are  n'(|iiiiftl  |)er  head  of  stix-k.  .Vile.siaii  wells  have 
bwrii  Hitiik  riiiiitily  lo  suj)ply  water  to  stock,  but  the  |Hissibilitie.s  of 
irriffntion  arc  Ite^iiminjr  to  In-  U'tter  aj)pr»'ciatt'd.  and  there  is  a  j»en- 
eral  tendency  to  nnderlakc  the  irri<;ati<)n  and  farming  of  the  land. 
The  K(Hti<'  head  above  the  level  nf  tJic  gniutul  in  the  artesian  district 
varies  fnitn  a  few  feet  up  to  .'lO  feet.  The  static  level  of  the  water 
from  (he  urlesiaii  wi-lls  is,  however,  by  no  means  the  same  through 
thih  comitry.  as  may  Ik*  seen  from  the  following  statement  of  wells 
along  Hie  line  of  the  •'  Sap  "  KaUroad  from  Alice  south: 

y<iritifiiiiif<  III  ilir  ftatlr  level  of  the  icater  frtim  arlrHian  tcelU, 


DiKtanoc 
fnim 
Allra. 

Kit-ration 
of  ^ruand. 

Stetic 
level  of 
WAter. 

Depth  oT 

weU. 

19.0 
«.» 
81.8 

158 
1S6 
114 

-10 

+  t 
+16 

«8 

41B 

sn 

'I'lie  SI.  I^uis  and  Brownsville  Railroad,  M-hich  was  completed 
last  .July,  runs  within  3  miles  of  the  headquarters  of  the  Santx  Ger- 
tniilas  niiK'li.  Ivingsville  is  the  nearest  railroad  station,  and  the 
ciMuilry  adjoining  the  station  has  been  laid  out  as  a  town  site.  Land 
in  this  \iciHily,  which  was  worth  little  a  few  years  ago,  is  .selling  at 
$!.■>  to  $'J.'>  per  acre.  The  eoiulitions  of  the  sale  of  this  land  are  that 
any  individual  pnrthasitig  4(i  acres  or  more  of  land  is  allowed  to 
sink  an  artesian  \v<'ll  for  the  irrigation  of  the  same.  These  wells, 
howi'vei',  will  Ik-  |)ut  down  by  the  King  Ranch  Company,  and  the 
puifhasor  of  the  bind  is  to  p:(y  the  eoinpany  the  cost  of  sinking  the 
well.  The  purchaser  is  entitled  to  utilize  as  much  of  the  flow  of 
(he  well  as  he  may  iu>e<1.  but  the  surplus  flow  Ijchmgs  to  the  King 
Raix'h  Company,  and  eons»H]uently  the  purchaser  is  not  allowed  to 
dis|K»s»«  of  the  same.  The  idea  of  the  company  it>elf  putting  down 
the  wells  is  to  l>e  <<ommended  not  <mly  on  the  gnmnd  that  it  can  do 
the  work  moiv  cheaply  than  individuals,  but  particularly  since  only 
ix»m|H<tent  tlrillers  will  Ih>  cmploytHl  in  boring  wells. 

The  land  near  the  Santa  (Jertnalas  ranch  is  of  a  black  waxy  na- 
ture, the  soil  lieing  alxxu  -2  f«vt  thick,  underlain  with  a  stratum  of 
cllty.  The  l«n«l  is  ct^venni  with  a  gn>wth  of  mesquite  and  costs  from 
$^  to  $1.^  |>er  Hcr<>  to  clear.  In  going  towar»l  the  south  the  s«iil  grn<l- 
ually  U>>Mues  moiv  Miiuly,  tinaliy  changing  to  a  ssind  belt  ."><)  miles 
w  ide,  which  extends  «lown  to  EI  Saui  ninch.  The  rate  of  discharge 
I  t»f  the  veils  is  Ivtwivn  35  and  300  frallons  ]>er  minute,  the  larger 
^-^^lU  in  this  jvart  of  the  «x»untry  Itetn^ron  the  Kenwly  ranch.  The»« 
M)ptiv«t  wvn»  obtaitiwl  by  nw«s«in>o>«its  made  by  the  writer.  Over 
tQl)  H«iesiiM\  weIN  ha>v  already  ^«ecn  >unk  in  this  di-  ir  the 

gtta   tJei(iud«>  ranch.    A   few  of  the  wells  an?   j  I   with 
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'torape  reservoirs  innl  llu'  water  af  (he  same  is  used  for  irriga- 
tion, A  measiircinciil  of  Sniita  (iertrtulas  well  Xo.  'A  iieiir  the  raiieh 
house  showed  a  Mow  of  (Si  gallons  j)er  minute.  This  well  is  565 
fi-et  deep.  The  well  at  the  railroad  station  at  Kiugsville  gave  a 
flow  of  113  gallons  per  minute. 

KENEDV    RANCH. 

This  ranch  lies  maiidy  in  the  sand  belt,  which  is  sparsely  eovered 
with  a  growth  of  oaU  and  a  few  mesquites.  Owing  to  fh"  euunlry 
being  so  open  it  isestiinate<l  that  10  to  12  acres  are  required  per  hea<l 
of  stot'k.  The  lands  are  eovered  with  a  variety  of  grasses,  including 
fonsi(h>rah!e  wire  grass.  The  sandy  surface  soil  is  4  to  6  feet  deep  and 
underlain  with  a  stratum  of  yellow  clay.  Tlie  largest  wells  in  this 
district  are  on  this  ranch.  The  following  are  the  data  of  the 
varifius  wells,  the  flow  of  each  having  been  measured  or  estimated  by 
the  writer. 

Pdixtlf  ir,U  \'o.  ;.— This  well  is  7(X)  feet  deep,  with  200  feet  of  5-fl,- 
inch  and  oOO  feet  of  41-inch  casing.  The  strainer  is  2"j  feet  long  and 
the  artesian  sand  stratum  i>.  40  feet  thick.  The  discharge  of  I  he  well 
is  250  gallons  ]>er  uiimite. 

M'tfiii  irt'll. — Tliis  well  is  T40  feet  deep,  with  371  feet  of  (ig-inch. 
395  feet  of  5^'1,-inch.  and  (iO  feel  of  4}-incli  casing,  (he  latter  including 
the  strainer,  which  is  22  feet  long.  The  thicknes.s  of  the  water  sand 
is  22  feet.     The  estinuited  flow  is  180  gallons  ])er  minute. 

Estf'vanza  trrll. — This  well  is  747  fiM-t  deep,  witli  340  feet  of  (ij- 
ineh  casing.  385  feet  of  5-fl{-inch  casing,  and  (JO  feet  of  4  J -inch  casing. 
The  thickness  of  artesian  sntul  stratum  is  30  feet.  Pvstinuited  flow, 
2<)0  gallons  i)er  minute. 

Bnrlom  ieeU.—Th.h,  well  is  700  feet  deep.  Tliere  are  411  fw>t  of 
6|-inch  casing,  225  feet  of  5YV-inch  casing,  and  IdO  feet  of  4|-inch 
casing.  The  water-bearing  sand  ir,  22  feet  in  thickness.  Estimated 
flow,  240  gallons  per  minute. 

Serpa  irell. — The  dei)th  of  this  well  is  017  feel.  There  are  00  feet 
of  fif-inch  casing.  4(10  feet  of  5,^,,-iucli  casing,  aiul  ISO  feet  of  4i-inch 
cashig,  the  strainer  being  22  feet  long,  and  the  thickness  of  the 
artesian  sand,  38  feet.     Measured  flow.  307  gallons  per  minute. 

Tiirrutt  well. — This  well  is  787  feet  dwp.  There  are  425  feet  of 
('•§-inch  casing.  247  feet  of  Si'j-inch  casing,  and  258  feet  of  4J-inch 
casing.  The  strainer  is  22  feet  long,  aTul  tlie  thickness  of  the  arte- 
sian sand  Indt  3S  feet.  The  estimated  How  of  the  well  is  300  gallons 
I>er  minute.  \A'hile  boring  this  well  a  flow  of  25  gallons  per  minute 
deveIo]>ed  at  a  depth  of  tlOO  feet,  comitig  from  a  10-foo{  stratum  of 
saiul.     'I'he  casing,  however,  was  not  perforated  at  this  {wiiit. 
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H  Alff/OM  irell. — This  well  is  Stifi  feet  deep.  There  are  500  feet  of 
■B^-inch  casing,  700  feet  i)f  4i-ineh  ciising.  and  KK)  feet  of  3.J-ineh 
Bcasing,  The  thickness  of  artesian  sand  was  2''1  feet;  the  measured 
Vflow  -2\-l  gallons  per  minute. 

V  Arahhi  wf'H. — At  a  <!e[itli  of  C47  feet  the  first  artesian  flow  of  2r) 
gallons  per  minute  was  eneonntereil  in  tliis  well  from  a  Ui-fixjt  sand 
stratum.  At  a  depdi  of  '200  feet  jrivuter  ii  sec-ond  tlow  of  ahout  100 
gallons  per  miiiute  developed,  tliu  thickness  uf  artesian  stratum 
being  17  feet,  the  water  entering  through  a  4."25-inch  strainer.  .Vt  a 
dejilh  of  WO  feet  the  third  flow  devclo)«'d  -JOO  <riillon>  per  minute. 
This  stratum  of  artesian  sand  is  :i-_'  feet  thick  and  water  enteivd  the 
■casing  through  a  ;l-inch  strainer.     On  this  ranch  near  the  const  the 

■  defith  of  the  first  flow  of  water  was  1.000  to  1.3.50  feet,  with  a  sand 
I  t-tratiim  -J-J  feet  tliick.  The  oilier  artesian  sand  strata  are  too  deep 
I  to  be   readied   i)_v    (he  well^.     One   well    was  finisheil   willi   S.-'i-inch 

casing  a(  a  de])tli  of  IJtl-J  feet.     In  drilling  a  well  three- fourths  mile 

tfroni  the  ranch  house,  when  the  ilrill  entered  the  water-bearing 
stratum  from  which  lire  raui'h  wells  derive  their  supply  the  water 
frfHi!  tlu'  hitler  became  muddy  and  gushed  out.  carrying  considerable 
iLuantities  of  clay  and  i>an<l,  although  it  hud  been  running  clear  for 
B  two  years. 

K  ARM8TRONU    RANCH. 

■  South  of  tlie  Kenedy  j-anch  is  the  cattle  ranch  of  Col.  J.  li.  Arm- 
"^  strong,  consisting  of  riO.Ofjd  acre^.     The  fnllnwing  are  dest-riptions  of 

some  of  the  wells  on  tliis  ranch  : 

■  KntkeniK  well, — This  well  is  730  feel  deep.  There  are  500  feet  of 
(5.2.5-inch  easing  and  L';50  feet  of  4.'2r)-iiich  easing  in  the  well,  which 
has  a  flow  of  (>0  galluns  pei'  minute.  The  quality  of  the  water  is 
good.  The  owner  lliinks  that  at  H(H)  fe«'i  a  larger  supply  of  water 
would  be  available. 

Coi/Kil  irfll.—Vivv  miles  nurtli  ><{  Katheriue  is  the  Connil  well. 
which  is  of  3-inch  casing.  H'20  feel  (li'e|i.  The  flow  is  100  gallons  jier 
minute. 

Miiiviiii  ire//. — This  well,  which  is  '2  mites  west  of  Katherine,  is  't(X) 
feet  deep  anil  bus  a  •i..>-iHch  casing.  The  flow  is  20  gallons  per 
minute. 

St.  Thoriiiix  ircU. — Three  miles  scjuthwest  of  Katherine  is  this  well, 
which  is  of  2.5-inch  casing  500  feet  deep  and  has  a  flow  of  20  gallons 
per  minute. 

On  this  raiu'h  are  l."i  surface  wells  which  have  a  g<H»d  i|uality  of 
water.  The  wells  ai-e  opcu  boitoui.  with  3.r>-inch  casing,  and  are 
piunpeil  by  H  and  10  funl  wiudmills.  \  10.000-gallou  cistern  in 
<'nmic(ti<>ti  with  each  well  proviiles  am])le  water  fnr  l.dOO  head  of 
callle.     The    I'aiicii    land    is   slightly    rulliiig    prairie,    coAci-ed    with 
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samly  si>i]  to  ;i  ileptli  <if  4  lo  (>  ft*et.  Tho  cUiy  siilisoil  is  fi  ftu'l  thick, 
bfluw  wliicii  is  4  fi'i't  of  sjiiul,  (i  foet  t»f  ctuy.  unii  iiO  fot't  of  i-oai^ic 
water  sand,  fnnii  whirli  the  siirfiice  wells  derive  tlieir  supply.  In 
ordiiinry  yi-ars  the  surface  wells  furnish  suftieient  water  for  stock, 
surface  water  standing  lii  feet  U'lnw  the  grtiuud,  but  in  dry  years 
the  supply  almost  gives  out.  At  a  depth  of  about  4<')  feet  Inrlow  the 
surface  a  stratum  of  salty  water  is  encountered. 

£L   BAV7.   RANCH. 

South  of  Colonel  Armstrong's  ranch  iN  Kl  Snuz,  the  lower  of  Mrs. 
Kinjr's  ranches.  At  the  ranch  house  is  a  well  1,4(12  feet  dw^p  with  a 
measured  flow  of  127  gallons  jkt  minute.  The  well  has  800  feet  of 
Sy^-inch  and  tiOO  feet  ttf  41-inch  casing.  Several  artesian  strata 
were  enc"untei-ed  while  sinking  the  well,  hut  as  they  were  salt  they 
were  not  utilized.  There  are  S  fi>et  of  j)erforated  casing  in  the  well. 
The  water  tastes  strongly  of  soda.  .V  reservoir  of  170  feet  mean 
diameter  and  Ti  fcH't  deep  is  In-ing  constructed  to  starve  as  a  storage 
for  well  water,  which  will  lie  used  for  tlu>  ii'rigation  of  a  snuill  tract. 
Nine  miles  north  of  the  ranch  is  a  well  l.:i0U  feel  ileep  with  a  flow  of 
about  .")()  gallons  per  minute.  This  is  <tpen  bottom,  the  casing  being 
reduced  to  2-inch  pi|ye.  of  wliich  tliere  is  (10  feet.  The  water  tastes 
of  soda  arul  corrodes  the  iron. 

Hoxlfa  irt'fL — F'ifteen  miles  to  the  north  is  the  Rosita  well,  which 
is  1,100  feet  deep.  The  well  was  started  with  .^I'^-inch  casing  and 
ended  with  (10  feet  of  2i-inch  casing.  The  casing  was  perforated 
where  it  passetl  through  an  artesian  stratum  of  n  fwt  of  sand.  The 
estimated  flow  of  the  well  is  170  gallons  per  minute.  Th(>  watei'  is 
useil  f<ir  stock  ]Mirposes  only  and  has  formetl  a  shallow  lake  of  alHiut 
12  acres  in  area. 

At  Kudolph,  l.l  miles  west  of  the  Rnsita  well,  the  railroad  com- 
pany sunk  a  well  S'Kl  feel  dceji.  starting  with  ();'-inch  casing  and  end- 
ing witli  330  feet  <»f  41-inch  casing.  This  well  is  slated  to  hav(>  a 
flow  eipuil  to  twice  the  flow  of  the  Rosita  well  and  is  the  largest  on 
the  ranch. 

Snltillo  iffll. — Seven  miles  to  (he  nortbwesi  of  Rosita  is  the 
Saltillo  well,  which  is  UOO  feel  deep  atid  finished  with  2(M>  feet  of 
Sj-ineh  casing  perforated  at  the  water  ^tfatuui.  This  well  is 
estimated  to  deliver  a  flow  of  lit  gallons  per  minute. 

Xoi'ld  (/"f7/.^This  well  is  situated  0  miles  north  of  Rudolph  an<l  is 
!tOO  fiH't  deep,  l>eing  of  4j-inch  casing,  perforated  al  the  water 
.stratum.     The  flow  is  estimated  lo  be  17.">  gallons  |M»r  minute. 
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K.  C.  Lnsator  owns  a  larp<>  stuck  ruiieh  west  of  tlio  Kenedy  ra: 
iiiul  stiiith  of  tlu'  Santii  (iertniilas  raiii-h  on  which  are  VI  artesian 
wells  (lelivering  flows  of  15  to  100  {ralhins  per  minute.  The  depth 
«if  tlie  wells  ViU'ies  from  ^.">0  to  700  feet  and  most  of  them  are  of 
ri/V-''"'!'  ensinj;;  and  open  Ixittoin.  There  are  also  ahoiit  (iO  surface 
wells,  70  to  l'-JO  feet  deep,  the  water  slaiulinff  in  these  wells  nsually 
nlHmt  to  feet  from' the  siirfaiK'.  though  in  some  it  is  100  ftn't  from 
the  ground  level.  These  wells  are  Ttf^-ineh,  ojien  Ixittoni.  luiving  a 
shthI  stratum  10  to  20  feet  in  thickness.  The  water  is  pumjied  bv 
windmills  attached  to  4  by  fi  inch  and  4  by  S  inch  deep-well  pmnps 
anti  delivering  water  at  the  rate  of  lO.tMK)  gallons  in  twelve  hours 
or  14  gall(»ns  per  minute,  which  they  can  do  with  a  g<K)d  wind  of 
15  to  tiO  miles  j>er  hour.  They  lower  the  water  when  pmnping  at 
the  rate  of  10  to  15  fi-et.  Shallow  wells  cost  75  cents  to  ijil  per  foot. 
and  deep  wells  cost  $1  per  foot,  the  owner  furnishing  the  casing. 

Two  of  the  wells,  discharging  together  alx>ut  180  gallons  per 
ndnute.  How  into  a  reservoir  it.'i  acres  in  extent  and  0  feet  deep. 
M  the  time  ot  the  writers  visit  the  seepage  was  so  gi'eat  that  the 
ivservoir  would  not  hold  water  ut  all.  Since  that  tinic  it  has  been 
puddled  by  stctck  and  tnade  water-tight.  Near  the  ranch  hontse  is  a 
well  with  a  How  of  !>0  gallons  per  minute  l)v  actual  measurement, 
which  discharges  at  present  into  a  small  tank.  .\  larger  tank,  75 
by  100  yards  and  ('>  feet  deep,  is  being  constructed  in  which  to  store 
well  water. 

AUiut  25  mile.s  south  of  the  Lasater  ranch  is  a  5J-inch  artesian 
well  having  a  measured  How  of  ~i\  gjillons  \yer  minute.  Near  this 
is  another  artesian  well  with  a  flow  of  54  gallons  jx'r  minute.  These 
wells  represent  the  extivme  limit  of  proven  flow.  .Since  the  writer's 
visit  it  is  reixirtinl  that  a  well  recently  sunk  on  the  Tjjisater  ranch  has 
a  flow  of  HlK)  gallons  jjer  minute. 

Santa  (lertrudas,  Olmos.  and  San  Fernando  creeks,  which  flow  in 
wet  weather  oidy,  serve  to  carry  off  the  drainage  from  a  large  section 
of  country  in  the  s«iuthern  part  of  Xneces  and  Duvall  coimtio-i. 
Earth  dams  have  been  built  in  places  across  the  be<l.s  of  these  cn-eks 
to  stTve  for  the  storagi'  of  water  for  stm-k,  but  high  water  has  almost 
invariably  <-arrietl  the  eml>anknients  away.  A\niile  ntit  available  for 
the  storage  of  any  large  quantities  of  water,  still,  bv  providing 
suital)le  wasteways.  the  creeks  could  serve  as  storage  ba.sins  of  appre- 
ciable I'Xtent. 

At  Duval,  which  is  70  miles  southwest  of  Corpus  Christi  on  the 
Mexican  National  Railroad  and  has  an  elevation  of  :W>0  feet,  a 
-hallow  artesian  well  was  put  down,  but  the  water  was  strongly 
chargi'd  with  salt. 
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The  hjrfTfst  rrrifiiihon  Hi'l<I  in  the  piirt  of  Texas  investiirated  lies 
in  ttu'  vjiilfy  nf  the  Kio  (inimle.  The  soil  is  largely  atluviul.  liaviiiij 
beeti  ilcpositeil  by  the  river  waters,  but  its  luiture  varies  c<Jiisiiiera)>ly, 
(le|)eii(rn)<i  upon  the  section  of  the  country  from  which  the  sediment 
has  come.  In  ji^'neral  it  may  be  said  that  alluvial  soil  re(|uires  a 
large  anuniiil  of  moisture,  owing  to  the  fact  that  it  is  e.xci-edingly 
deep  and  porous  and  has  a  tendency  to  crack  after  irrigation. 

The  irrigable  land  lying  along  the  river  is  in  somewhat  limited 
areas  from  iJel  IJio  lo  a  ])oint  l.")  miles  above  Iliilalgo,  where  (he  low- 
lying  part  of  the  valley  widens  out  considerably.  From  this  point  to 
the  coast  the  area  of  irrigable  land  inerea.si's  considerably.  About 
10  miles  from  (he  coast  liie  laucl  JM-eomes  so  alkaline  that  it  is  unlit 
for  use.  Apprehension  has  Ix-en  felt  at  certain  points  along  the  river 
as  to  the  etTect  of  this  alkali  upon  crops,  but  no  reliable  information 
upon  this  matter  is  to  lie  eibtained.  The  lift  from  the  river  to  the 
irrigable  land  increases  rapidly  at  first  as  one  ascends  the  river,  vary- 
ing fnim  12  feet  to  j>ra<'lieally  nothing  at  high  water  at  Brownsville, 
while  near  l^aredo  it  is  (10  fei:ft. 

About  12  miles  above  Del  Rio,  Devils  River  empties  into  the  Rio 
Grande.  Devils  River,  whii'h  runs  through  a  canyon  of  limestone 
formation,  has  a  fall  of  700  fi-et  in  70  miles.  A  measurement  of  the 
flow  of  the  river,  made  August  2,  15)04,  at  a  ])oiiU  a  few  miles  north 
of  the  .Southern  Pacific  Rnilroarl.  gsive  a  discharge  of  ;J24  cubic  feet 
jK'r  second.  The  crest  of  the  hills  on  either  side  near  where  the 
Southern  Pacific  railroad  crosses  the  river  is  at  such  an  elevation  aiul 
so  far  distant  that  it  is  improbable  that  water  from  the  river  will  l>e 
used  for  irrigation. 

Near  the  town  of  Del  Rio  are  several  springs  of  considerable  capac- 
ity, whii-li  have  been  used  for  irrigation  for  a  number  of  years,  but 
which  will  be  furlher  utilized  by  the  Del  Ri(»  Irrigation  Company, 
of  which  G.  li.  Moore,  of  San  xVntonio,  is  president,  through  what  is 
perhaps  the  most  costly  irrigation  enter|)rise  of  the  State.  The  San 
Felipe  Springs,  a  short  distance  from  the  town  of  Del  Rio,  deliver  a 
flow  of  70.0(H)  gallon.s  jkt  minute.  Alwtit  thirty-five  years  ago  the 
San  Fcli]>e  Agricultural  Company  laiilt  a  ditch,  through  which 
until  recently  they  utilized  water  from  the  springs  for  the  irrigatitai 
of  a  considerable  tract  of  land.  The  company  consisted  of  the  land- 
owners, who  0{)erated  the  ditch  at  a  cost  of  about  $1  per  acre  per 
annum.  No  charge  was  nnide  for  water  from  the  sjirings,  of  which 
a  great  part  ran  to  waste.  John  Twohig  was  the  original  owner  of 
the  springs  and  gave  them  to  a  priest,  from  wliom  they  eventually 
passed  into  the  control   of  Mr.  Moore.     In  the  meantime  he  had 
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Ixmglit  snflirient  shart's  in  tin;  ohl  dilch  ctmipuiiy  lu  olitniii  cuiitrnl  of 
that,  wh('reni)tm  lie  foniicti  (lie  IK'I  Kin  Irrigutioii  Coiii])iiiiy.  ninl 
water  for  irrifration  was  fiirnisiwd  In  the  s(<M-kln»lili>i's  of  the  old 
ditch  company  at  $.'>  por  ao-o  per  aiiiiuiii.  This,  of  emirsc,  raised  a 
storm  of  protest  from  the  landowners,  and  us  a  compromise  measure 
thi>  jiriee  was  temporarily  eut  down  to  $2.r)fl  per  acre  per  ainnnn. 

In  order  to  ntilize  to  the  l>est  advantage  the  fnll  eapaeily  of  the 
springs  the  Del  Rio  Irrigation  Company  has  undertaken  a  most 
exjx'nsive  engineering  work  in  the  eonstrnetion  of  a  diteh  to  carry 
water  from  the  springs  some  21  miles.  J.  W.  Maxey,  of  Houston,  is 
the  engineer  in  charge,  and  the  undertaking  is  particularly  worthy  of 
note  owing  to  tlie  difficulties  of  constructitm.  One  of  the  .San  Felipe 
springs  has  a  flow  of  20,0(K)  gallons  per  minute,  another  4.'>,000  gal- 
lons per  minute,  and  two  snuiller  springs  bring  the  total  rate  of  flow 
up  to  7O.W)0  gallons  ]X'r  minute.  The  springs  liave  a  static  head  of 
i)  feel  aliitve  gi'ound.  The  lower  level  of  San  Felipe  Creek,  through 
which  the  springs  discharge,  was  raised  10  feet  by  means  of  a  masonry 
dam  WO  feet  long.  12  feet  iiigh.  and  containing  1.200  cubic  yards  of 
material,  which  cost  $4, GOO.  The  nuiiii  canal  is  1(»  feet  wide  on  the 
bottom.  4. .5  feet  deep,  and  designed  for  a  caj)acity  of  70.(M)0  gallons 
per  minute.  Side  slopes  in  earth  are  1  vertical  to  2  horizontal;  in 
rock,  .'i  vertical  to  1  horizontal:  in  emlmnkinents,  1  vertical  to  lA  hori- 
'zontal.  The  np[)er  |iart  of  tlie  camd  is  built  on  a  grade  of  0.4.">  fcxit 
per  1.000  fe*'t.  The  reuuiinder  will  be  built  on  a  grade  of  0.3  foot  p«'r 
1,000.  The  velocity  of  flow  in  the  open  channel  is  aliout  2.5  feet  per 
second. 

The  country  through  which  the  canal  pas.ses  necessitated  heavy  cuts 
and  fills,  a  lU-fiKit  rock  cut  being  necessary  in  one  j>lace.  A  consid- 
erable amount  of  the  ditch  had  to  be  built  along  a  sidchill.  where  the 
soil  was  of  a  treacherous  nature.  In  the  first  '>  miles  of  canal,  which 
was  the  distance  com])leted  at  t!ie  linu'  of  the  writer's  visit,  r),000  feet 
of  siih'hill  dilch  had  lieen  consli'ucted.  witli  a  coiu'rete  wall  on  the 
downhill  side  18  inches  thick  on  the  bottom  anfl  i)  inches  thii-k  on  top. 
set  IS  inches  intti  the  ground.  (PI.  VI.  iig.  1.)  Much  trouble 
had  been  experienced  from  some  of  this  construction  »»wing  to  the 
banks  washing  out.  To  overcome  this  difficulty  the  canal  was  lined 
on  the  bottom  with  IS  iiu-hes  t)f  clay  at  points  where  seepage  was 
liable  lo  occur,  and  in  addition  a  g<M)d  deal  more  earth  was  thrown 
on  the  out.side  of  the  concrete  walls  and  the  canal  dug  farther  into  the 
bank.  As  the  cotmtry  is  subject  to  rains  of  c(^n^iderable  violence. 
much  attention  was  paid  to  rendering  the  canal  >afe  fi-ian  accidents 
due  to  such  storms.  Wliere  a  large  tiuantit}-  of  water  is  liable  to 
1)1'  carried  diiwn  a  draw  the  canal  water  is  taken  under  the  ground 
in  iu\i'r(ed  sijihons  of  .")  feet  inside  diumcler.  built  of  jTinfni'ced  con- 
crete i>  inches  thick.     At  other  places  where  the  canal  is  carried  acroiss 
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Fig.  1.— Deu  Rio  Canal,  Texas.    Sidehill  Construction,  with  uoncrete 

Outer  Wall. 
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small  draws  provision  has  been  made  for  passin|r  rnin  water  iin<ler- 
nt'ath  Ijy  means  of  siiitnlilf  iindcrdniins.  Figiin>  <iO  nIiow.s  a  cross 
section  of  a  concrete  pijH'  which  was  ivinforccd  by  0.5-inch  steel 
corntfrafcd  bars.  I'liimin^'  linlli  lcn<rlh\visc  aixl  around  tlu-  ])ipc^.  set 
1  foot  apart.  Plate  VI,  figure  •!,  siiows  the  reinforced  «'oncri4e  pipe 
in  the  process  of  construction.  An  inverted  siphon  '2,200  feet  long 
will  carry  the  water  under  Sycamore  Creek.  In  addition  to  the  ust» 
of  concrete  pi|)e  for  inverted  siplions.  a  considerable  quantity  was 


I 


h;.  ij(i. — Crosrt  st'cOon  of  r»*liifori-i.iI  cuiicrote  pipe. 


Utilized  in  places  for  sidehill  construction.  This  pipe  was  laid  nn  a 
prade  of  -t.o  feet  per  l.flOO  and  has  a  theoretical  capacity  <if  70.000 
gallons  per  minute. 

Tlie  work  involves  (»0,000  cubic  yards  of  solid  rock  excavation. 
1-J0.(K)0  cubic  yards  of  l<josi>  rock,  and  1,7.")0.000  cubic  yards  of  earth, 
with  r>  miles  of  concrete  wall  and  2  miles  of  vitrified  pipe.  Tlie  total 
lenjrth  of  the  concrete  sii)hons  is  R.OOtt  feet  and  110  tons  of  steel  rein- 
forcinjr  rods  were  used  in  their  construction.     Steam  shovels  were 
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^^        nsed  for  hniulling  the  rock  and  flipfring  the  canal.    The  cost  of  ojjer- 
l  ating  shovels  jwr  dav  was  as  follows: 
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Vo»t  of  operating  »team  »horel». 

1  englueer  $5.00 

1  jis.slNtimt  engineer .- 5.00 

1  flreiimu   2.  (X) 

1  t-oiil    liiiiiler 'J.  00 

1  wiitiT  luuiler 2.00 

1  usHlatiiiit w-.!, 2.00 

2  tons  <if  f-iml,  lit  ?3.50 ^ 7.00 

Totiil   25.00 


The  steam  shovel  handled  about  1.000  yards  of  dirt  per  day  of 
ten  hours  or  about  one-half  thi.s  quantity  of  rock,  the  size  of  th«» 
bucket  iK'inp  1  cubic  yard.  The  estimated  cost  of  handling  rock  by 
the  steam  shovel  was  50  cents  jjer  cubic  yard,  and  of  earth,  25  cents 
per  cubic  yard.  The  cost  of  the  e.xpandeil-metal  pipe,  which  was 
built  uf  1,  2.  ami  5  Portland  cement,  vva-i  $4.('>(i  per  rimning  foot  in 
phice.  The  wing  walls  were  l)uilt  of  rubl>le  masoiu-y  laid  in  c<ni- 
iTete  mortar,  and  cost  $(;,30  per  cubic  yard.  Heail  walls  and  aprons 
of  1.  'i.  and  5  concrete  cost  $5.7.5  per  cubic  yard.  Rock  excavation 
cost  85  cents,  loo.se  rtM'k  42  cents,  and  eartiiwork  1:^.5  cents  per  cubic 
yard.  The  concrete  work  was  tlojie  by  Mexican  day  labor.  The 
(otal  estimated  co.st  is  said  to  be  nearly  $1,000,000.  and  the  system 
will  furnish  water  to  about  15.00{)  acres  on  the  assuinjitinu  of  a  duty 
of  1(K)  acres  jxt  1  cubic  fool  per  second. 

At  several  points  it  is  propost>d  to  utilize  the  water  for  the  genera- 
tion of  electric  puwt-r,  and  it  has  b<'eu  estimated  that  1.200  hur^-power 
could  be  develojied  altogether  from  the  \arious  fall.s. 

.\  few  miles  east  of  Del  TJio  are  the  Pinto,  ."^ycanuyre.  and  TjOs 
floras  creeks,  the  first  two  havinn^  a  How  of  4.00O  gallons  per  minute 
eacli.  and  I  he  lust  5,000  gallons  per  minute.  It  has  l>een  estimated 
that  liy  means  of  storage  in  these  creeks  and  (he  Mow  of  the  canal 
40,()(H)  acres  i-ould  be  ii-rigated.  and  the  •■ouipany  has  under  contem- 
plation the  bititiling  of  storage  reservoiiv.  At  pivseiit  the  water 
from  .Sycamori'  Creek  is  used  for  the  irrigation  of  'MX)  acres  by 
means  of  a  2li-liorsi'power  traction  engine,  which  drives  an  M-inch 
centrifugal  pump,  delivering  2.4(M(  \u  3.(X)()  gallons  per  minute, 
against  a  head  of  27  feet.  The  fuel  coiiNumption  is  1.5  cords  of 
mes»|uile  in  ten  lujurs.  Corn  is  the  principal  crop  grown  under  this 
plant,  and  the  bed  system  of  irrigation  is  tised.  Forty-five  days  of 
(en  hoiu's*  run  each  are  necessary  to  irrigate  27;^  acres.  About  500 
acres  are  at  pre-ent  irrigated  from  Los  Moras  Ci*eck  and  350  acres 
from  Pinto  Creek  by  gravity. 
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Tlio  old  ditch  of  the  Sfin  Felipe  Agriciilturnl  Company  is  sujiplied 
from  u  spring  deliverinj^  iri.OiKi  jiallons  per  ininiile,  wliii-h  irri{fiite 
3,000  acres  of  land  planted  as  follows : 

Acres.  > 

Corn 2.000  | 

(Jiink'u  truilt 300 

Ul.<> 250 

.(iilmsun  gmna  and  ciine 4.'>0 

Tlie  dilcli  is  10  fii>t  wide  on  tlic  iKittom,  with  nearly  por])ciniicular 
sides,  and  waler  runs  :t  feet  deep.  It  is  iy  miles  lung  and  feeils  32 
miles  of  laterals.  The  land  is  irripiited  every  fifteen  days,  irrigation 
being  carried  on  day  and  night.  So  far  the  water  sii|>)>ly  hiis  proven 
ample  for  all  demands,  even  in  dry  weather.  Rice  is  irrigated  partly 
by  flooding  checks  and  partly  h}'  wild  Hooding;  4.5  acres  are  irri- 
gated hy  Japanese  in  accordance  with  tlie  ])ractice  in  Japan.  About 
11  gallons  of  water  per  minute  i)er  acre  were  used  on  this  land  in 
1903.  and  the  yield  was  14  bushels  per  aci*:  but  it  is  the  opinion  of 
(he  company  that  this  can  Ir'  nnicb  improved.  \  large  amount  of 
Johnson  grass  growing  in  the  rice  fields  was  killed  by  the  con.stant 
fl(xjding. 

The  laterals  imder  the  main  canal  of  the  Del  Rio  Irrigation  Com- 
pany are  4  feet  wide.  4  feet  deep,  and  carry  a  deptli  of  :i  feet  of 
water.  The  grade  is  0.9  foot  per  1,000  feet,  or  twice  the  grade  of  the 
main  canal.  It  is  figured  tliat  fliey  will  irrigate  l.OOrt  acres.  'i"he 
ditches  leading  from  the  laterals  are  '.i  feet  wide  and  2  feet  deep. 
The  fii-st  5  miles  of  the  main  canal  control  only  1.500  acres,  most  of 
the  irrigable  land  lying  farther  down  the  canal. 

CIKNEG.^S    SPRINGS. 

About  2  miles  to  the  we-st  of  Del  Rio  are  the  Ciencgas  Springs, 
Ijelonging  to  I).  Hart,  the  water  of  wiiich  is  used  m  in-igate  "».")()  :ieres 
of  Johnson  grass.  The  hint!  is  irrigated  by  wild  tlt>oding  once  after 
each  cutting,  when  there  is  no  rain,  and  requires  the  services  of  two 
-irrigators  (o  conltol  the  How.  It  take>  two  inonths  to  iri-igiUe  r».")0 
acres  with  the  full  flow,  utilizing  the  same  twelve  hnurs  per  day. 
The  flow  of  the  springs  is  "i.^OO  gallons  |K'r  minute.  Thf  hind  pro- 
ducets  1  ton  of  liay  iier  cutting,  yielding  tlire<'  nitting'^  u  year. 

EAOL£    PASS. 

The  Rio  Grande  Valley  Irrigation  Company's  farm,  situated  alwut 
3  miles  north  of  Kagle  Pass,  comiirises  'ACO  acres  of  land  liel<)nging  to 
Messrs.  Dolch.  Difirell.  and  Mosheini.  .'500  acres  of  whieb  are  irrigated 
by  water  ])ninp<'d  fmni  the  Rio  Grande.  A  12"»-horse])ower  hori- 
zontal boiler  furnishes  steam  at  I'O  pounds  pressure  to  au  automatic 
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I'ligine  of  125  Iioim'jiowct.  wliii-Ji  rlrives  a  10-in<'h  vertical  fontrifnga! 
piiiiip,  deliveriiifj  ."i.CiOO  to  T.dOO  yullons  j>or  miiiiitc.  against  a  lift  i»f 
46  feet.  Tlic  pump  is  set  in  ii  pit  4l>  feet  deep  juul  20  feet  iu  diame- 
ter, the  sides  of  wliicli  are  lined  with  l>rick  aixl  cement.  \  tunnel  *>(> 
feet  long  and  4  feet  square  leails  to  tlie  river  and  supplies  water  to  a 
15-inch  .suction  pipe  connected  with  the  puin|>.  The  ^mni])  discharge 
pijie  is  also  eidarged  to  1.")  inches  in  diameter.  I'\jur  and  one-half 
tons  of  coal  screenings  are  consumed  in  twelve  hours  anil  cost  $1.40 
per  ton.  The  coal  comes  fi'om  the  Eagle  Pass  mines,  whidi  are  close 
at  haml.  One  fireman  and  one  engineer  operate  the  plant,  which 
irrigates  ^ti  acres  in  twelve  honi*s. 

The  main  ditch  is  1.5  njiles  long.  4  feet  wide  on  the  bottom,  7  feet 
wide  on  top,  :i  fwt  <leep,  ami  carries  water  to  u  depth  of  18  to  20 
inches.  It  has  a  grade  of  IS  inches  per  mile.  Tiie  Iwd  system  of 
irrigation  is  used  tliroughout.  the  beds  being  TiO  feet  wide  and  400  to 
700  feet  long,  Ho<)ded  from  ditches  at  the  ends. 

The  areas  and  yields  (»f  crops  are  as  follows: 


I 
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Crop  uH  (arm  of  Dolch,  Uibrell,  ami  UonheiM, 


Crop. 

Aorea. 

'■'^.l^P'""       When  Irrigated. 

Number 
ofirri- 
gatiooH. 

OottOD 

tuo 

7 

HI 
10 

1 
m 

1  hale Erery  Udays 

40  tana do _. 

4  tons  ...         , .  d*>                . .  . . , , 

. 

Cane 

10 

Sori^lium          ,.,  .... ...  ... ....... 

( 

Every  10d»y» 

do                 .  ,  .. 

Green  DCDDers ..... ....... ...._........ 

io 

Com 

Sthodielsl  iSvery  U  days 

1 

« 

Pioneer  Rio  Grande  Inrigntion  Company. — Dolch  and  Dobrowolski 

irrigate  3r»0  acres  of  land  three-fourths  of  a  mile  south  of  Eagle  Pa.s.s 
with  water  puniped  from  the  Kio  (irande.  Two  80dio!S»>power 
boilers  furnish  steam  to  a  1  liV-hoT'.sepower  automatic  engine  clriving 
a  No.  10  diinble-suction  centrifugal  pninii.  with  an  extreme  ratetl 
capacity  (tf  10.000  gallons  per  minute.  The  pump  normally  delivers 
7.n(H)  gallons  jier  minute  and  is  set  in  n  pit  'M\  feel  deep  an<l  HO  fivt  in 
diameter.  al>out  :100  feet  from  the  ri^el■.  The  suction  piixs  which  is 
14  inclu's  in  diameter,  runs  into  a  tunnel  4  liy  4  feet.  The  discharge 
I)i|>e  (»f  the  |>umj)  is  U  ini'hes  in  diameter.  The  irrigable  land  lie-  in 
two  sections,  one  of  which  is  aiijncent  to  the  pumping  station,  and  the 
other  l.lOf)  feet  distant,  with  an  additional  ele\ation  of  s  fi-et.  For 
conveying  water  to  the  higher  land  a  14-inch  pifie  is  used.  The  head 
against  which  the  jjumj)  has  tt)  operate  in  delivering  water  to  the 
lower  land  is  SO  feel  jilus  the  friction  iu  the  pipe,  jind  to  the  up|H'r 
land  is  44  feet  plus  tlie  friction  in  1,100  feet  of  14-inch  |)ipe.  In 
normal  operation  the  pump  will  deliver  7,()(M)  gaMons  by  (he  lower  and 
4.000  by  the  upjKT  lift.     The  plant  consumes  4.^  tons  of  Eagle  Pa&s 
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coal  in  V2  hours.  The  lower  lK>ncli  rerinircs  miiph  more  water  than  the 
upper,  as  llie  soil  is  m<ire  sainly:  jiikI  tlie  pump  is  alile  In  irrigattt 
about  tlic  satue  <|Uiiiilily  of  laud  in  either  Ix-urh  in  a  ihiy"s  run. 
Twenty  iier'e^  nC  nuidus  cau  he  irrifjateil  in  twelve  hours,  or  ^'t  acres 
of  other  laml  in  the  same  jjeriod.  with  the  entire  How  of  the  pump. 
The  soil  is  a  lijrht  silluvial  sandy  loam,  very  deep,  and  hakes  but 
little  when  iri'i^ated.  Seventy-five  acres  were  ]>lanled  u\  onions, 
yielding:  lli,.VK)  poiuids  [>er  acre,  irriijated  every  ten  ilays;  1.')  acres 
in  cnnc:  lid  acres  in  sorfrhiuu:  47  acres  in  corn:  "JO  acres  in  truck, 
irrigated  every  ten  days;  40  acres  in  alfalfa,  irri;ratcd  every  lifleeti 
days,  twice  for  I'ach  cuttinp.  The  alfalfa  yiehl  was  ihn'c-foui'th-^  of  a 
ton  [K'V  acre  per  crop,  and  six  crops  per  y<'ar,  cut  hetweeii  Ihi'  niiihlle 
of  Ai)ril  and  Oetoher:  .">  acres  jilaiitcd  i]i  fiMiil,  and  ;">  acres  in  melons. 
the  reuniinder,  l-2'.\  acres,  being  in  Johnson  grass.  The  onions  iv- 
ceived  altugetlier  twenty-one  irrigations;  llie  eaiie,  S4>rghnm.  ami  C4irn 
ifceived  eight  irrigations  each.  The  onions  were  jdanted  ■>  inch^^s 
apart  in  rows  V2  inches  apart.  They  were  irrigated  by  tlie  lied  sys- 
tem, the  l>eds  being  30  by  150  feet,  and  were  planted  October  20,  ti-ans- 
planted  December  1,  and  itarvesting  commence)!  .V))ril  2^>.  No  fer- 
tilizer was  iix'd  on  the  onion  land.  One  man  irrigated  2  acres  of 
onion.s  per  day  ami  from  4  t«  5  acres  of  other  crops  in  the  .same 
period.  Eighty  men  were  thirty  days  ti'iins)>hinting  the  onions,  and 
lOO  men  twenty  days  in  Irarvt'sting  them.  The  unions  sold  for  $1.7.") 
jier  hundred  f.  o.  h.  Eagle  Pass.  The  bed  system  of  irrigation  is  used 
for  alt  irrigation. 

77(c  .1.  //.  Frank  /v^/m/i .^Eighteen  mih's  to  the  southeast  of  Eagle 
Pass  is  the  ranch  of  .V.  li  Frank.  Kourteen  hundred  acres  of  land  is 
under  irrigation  by  >vater  junnped  from  tiie  Kio  Grande.  Two  hori- 
zontal multitubidar  Itoilers,  iiO  inches  in  diametei'  and  IS  feet  long, 
deliver  steam,  under  ITiO  pounds  pres.sure.  to  a  "lOO-horsejwwer  Corliss 
engine.  i!0  by  4'i  inches.  A  surface  condenser  is  used,  and  a  vacuum 
of  2ii  inches  is  obtained.  The  engine  drives  a  •J4-inch  centrifugal 
pump,  supplied  with  water  tlu-oiigli  a  tumud  ."i  f4'et  wide  and  .">  feet 
high,  arrlu'd  on  top.  The  ])ower  house  is  situated  on  the  making 
baidv  of  the  river,  and  the  tunnel  is  inclined  to  lill  with  sand.  The 
j>tuu(t  delivers  l-J.OOO  gallons  per  minute  against  a  .')2-foot  lifi.  and 
water  is  discharged  into  a  flume  tU-i  feet  hmg.  tl  feel  widi>.  and  '.'>  feet 
dwp.  One  engineer.  2  firemen,  and  2  helpers  are  re^piired  for  tire 
ojjeration  of  the  plant  i>er  shift.  The  plant  consumes  \f\  cords  of 
mesquite  in  a  iwenty-four-hours'  run,  the  cost  of  fiud  bi-ing  $j  per 
cord,  owing  lo  the  net'es>ity  <»f  hauling  the  same  it)  miles.  The  total 
cost  of  the  plant,  indnding  the  flume,  was  $20,000,  the  flunu-  itsidf 
<'OSting  $'2,(M10.  The  main  canal  is  8  feet  wide  at  the  bodoui.  1."'  feet 
at  the  to]),  and  ',\  feet  deej),  the  crown  of  the  haidts  being  ;^0  inches. 
The  slope  is  30  inches  per  mile;  the  length,  3  miles,  and  the  depth  of 
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water  wlien  farryinp  «  full  cli^c■llnrjL'«>  of  (lie  pump.  18  inches.  '\Miile 
l,4t>0  acrt's  mt'  siiliji-ft  tu  iiTi<iati()ii.  mi  far  only  -50  ai'r(>s  arc  irri- 
pitctl,  planted  tti  alfalfa.  The  land  had  previously  l>een  irrij^ted 
hy  the  furrow  system,  litit  is  iMMngr  clianiretl  (o  the  eheck  system,  the 
cheeks  being:  <>  inches  in  heijilit.  Tlie  yield  of  the  hint]  is  li  tons  jjer 
acre  per  c\itting  and  from  (5  to  H  cuttinjrs  jjer  year.  The  plant  will 
irrifrate  GO  acres  in  n  twenty-four  liours'  run. 

LAREUi    AND   VICIXITY. 

The  land  around  Laredo,  which  until  recently  has  boen  considered 
of  little  value,  luis  in  the  last  year  [iroduced  some  remarkable  crops 
of  liennuda  onions.  Whili-  <tther  crops  have  lieeu  raised  here  and 
betwwn  Cotidia  and  Carizzo  Sjirings,  .still  the  yield  of  onion.s  has 
been  so  fjreat  and  the  prices  realized  so  high  that  they  have  easily 
taken  lirst  jjlace  in  tlie  ]>roducts  of  the  region.  Fiiiauciiilly  llie  most 
succes.sful  section  of  the  country  in  onion  gnjwing  is  in  the  vicinity 
of  I.jiredo,  Tlie  irrigable  land  in  that  rogitin  lies  along  the  Rio 
(irande.  and  comprise.'-  a  c))nipanrtivi'ly  narrow  strip  extending  up 
and  down  the  river  several  miles.  Some  little  distance  back  from  the 
banks,  wliit'h  are  hO  to  ".*>  feet  higli.  tlie  land  slopes  toward  the  river 
on  a  steep  grade.  sf»  that  a  considerable  length  of  l)ijM'  is  re<iuired  to 
convey  water  to  the  land.  The  soil  is  of  a  light  alluvial  nature  and 
very  deep.  re(|uiring  a  comparatively  large  ([uantity  of  water  for  irri- 
gation, which  must  i»e  pumjied  fi-om  the  river.  The  farms  have  been 
so  successful  that  many  new  pumping  plant.s  are  being  installed  and 
will  Ik'  in  c()ndition  for  operation  this  season.  The  tw<»  most  suc- 
cessful ])]an1s  from  the  financial  >tamlpoint  weiv  thosi"  of  Mr.  Alex- 
ander and  Mr.  \ye.  The  former  is  said  to  have  sold  the  onion  crop 
from  40  acres  for  $-iC..00O,  while  tlie  latter  received  $!».000  for  the 
crop  from  l'.\  acres.  The  yield  of  onions  in  this  vicinity  went  as  high 
as  40.0(X)  pounds  per  acre.  Tbc  ground,  however,  was  all  heavily 
manure<l.  Onions  were  planted  about  Xovemlier  1.  transplanted  a 
month  later,  and  the  crops  were  har\csted  in  .Vjjril.  On  the  majority 
of  till-  farms  after  the  onion  crop  had  been  harvested  cowpeas  were 
planted,  to  1h>  jdowed  under  in  time  for  the  next  onion  crop. 

Rii-fitt'f  farui. — Near  Laredo  is  a  farm,  owned  by  .\.  C  Ilichtor, 
containing  6  acre.s.  The  ground  was  sown  to  white  Bernuida  onions 
last  year  and  the  yiehl  was  liO.OOO  ]>onnds  [ler  aci-e.  The  crop  was 
sold  for  $ii..M)(i.  Cowpeas  were  grown  on  ihe  land,  plowed  under, 
and  the  buul  uiaiuired  with  20  tons  of  goat  manure  jx-r  acre,  as  well 
as  1  ton  <Mitton-M-ed  meal,  and  tlOO  jiouiids  of  sodium  nitrate  put  on  in 
si.\  ajiplicat ions  of  100  j)i>uuds  each. 

The  pinnping  plant  consisted  of  an  8-horsepower  gasoline  engine 
driving  a  triplex  power  pump  delivering  235  gallons  per  minute. 
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Tho  lift  was  C)  foot.  Tlio  onpinc  fonsiimwl  1.")  gallons  of  piisolim^  por 
lioiir  lit  a  cost  of  ls|  wiits  [X'l'  giillon.  This  jjliiiit  tlixuk'd  ti  ari-cs  in 
thirty  hours.  The  land  received  1-2  irrigations  per  seawni,  which 
weri'  iipplied  two  wccivs  apart  at  first  and  unce  a  week  httcr.  Two 
nu'ii  weri'  rwpiircd  for  irrigalioii  ami  ninniiig  tlie  engine.  Tin-  cost 
of  hilxir  was  50  cents  per  day.  After  eaeii  irrigation  the  land  was 
cnhivatcd.  It  rcfjitirfd  30  men  twenty  thiys  to  transphmt  the  onions 
and  ten  <hiys  to  harvest  them.  Cowpeas  were  planted  as  soon  as  tlie 
onions  were  ont  of  tlie  ground,  anil  received  last  year  two  irriga- 
tions. Here,  as  in  all  olhei'  ])!ants  in  tlie  vieinity  of  Laredo,  the  bed 
system  of  irrigjition  was  iise<l.  The  entire  ttow  of  thi'  pump  was 
turned  into  one  bed  at  a  time,  the  Ij.'ds  being  104  by  !:>  feet.  Tlie  sup- 
ply was  sto|iped  wlien  tlie  water  had  reaehed  three- fourths  of  tlie 
way  d(jwii  the  Ited.  The  cost  of  fertilizers  was:  Cotton-seed  meal, 
$25  jjer  ton;  manure,  DO  cents  per  ton;  sodium  nitrate,  3.5  cents  jwr 
pound. 

Onions  wore  jdaiited  in  October,  transi)lanted  in  Decemlx^r,  and 
crops  moved  April  15. 

Ah'xmu/rr  fariii. — Near  North  T>aivMlo,  on  the  Rio  Granile.  is  the 
40-aere  irrigatetl  farm  of  Mr.  .Vlexamler.  The  pumping  plant  is  as 
follows:  A  ItO-horsejKiwer  horizontal  undtitnbnhir  Ixiiler  furnishes 
steam  to  a  40-horM'[)()wer  engine  belte*!  to  a  No.  n  com|K)und  eentrif- 
ugal  pmnj)  set  in  a  concrete  pit  17  feet  in  diameter  and  11)  feet  deep. 
The  pump  delivers  SOO  gallons  per  minute  from  the  river  against  a 
vertical  lift  of  (i.*>  feet  and  forces  the  water  through  1,500  feet  of 
Ci-inch  pipe.  The  jjlant  was  oiwrated  twelve  hours  a  day,  consuming 
in  that  jieriod  4  tons  of  coal,  at  a  cost  of  $1.50  per  ton.  It  retjnires 
five  days'  o])eralion  of  the  jjlant  to  supply  water  for  one  irrigation  of 
the  land.     One  man  was  required  to  run  the  |)hint. 

The  ditch  for  ilistribiiting  the  water  is  2  feet  on  thi'  Imitom,  5  feet 
on  top,  18  to  24  inches  total  depth,  and  has  a  grad<'  of  7.5  feet  per 
niiie.     The  laterals  are  on  a  graile  of  4  iuciie.s  |K>r  lOO  feet. 

White  Bermuda  otiions  were  grown  ini  the  entire  tract  and  yielded 
30.0tM)  poimds  |K'r  acre,  the  gros-s  yield  Ix'ing  solil  for  $-i(i.<M)0.  They 
were  planted  October  1,  transplanted  in  December,  and  harvested  in 
April.  t)ne  hundred  and  twelve  |>ouuds  of  seed  were  used.  The  fre- 
quency of  irrigation  was  increased  toward  the  entl  of  the  si>ason — 
every  fifteen  days  in  January,  evi-ry  twelve  days  in  February,  and 
every  ten  days  in  March.  Including  the  planting,  about  nine  irriga- 
tions were  given.  Bat  guano  (1  ton  per  acre)  was  iisetl  for  fertilizer 
on  most  of  (he  laud.  tlKuigh  parts  of  it  wei-e  not  fertilized.  Stable 
niannn>  was  usetl  for  the  s<'ed  l)eds. 

The  iK'd  .system  of  irrigation  was  usetl.  lieds  being  \'^  l>y  150  feet, 
with  a  fall  of  4  inches  |km-  1(K)  feet.  Onions  were  planted  4  inches 
apart  and  rows  spaced  12  inches.     Hand  culture  was  employed,  and 
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two  nipn  wpfp  rfquirocl  (n  irrigate  witli  the  wator  fiiniishcd  l»v  the 
imiii|>.  Il  took  liO  iin'ii  twfiitv-fiiiii-  (lays  t<(  liMiispliuit  (lie  uuiuiis  anil 
85  iiii'ii  fiflwn  (lays  to  harvest  tli<'  ci-np,  the  pay  being  $5  Mexican 
JUT  wi'i'k  of  six  (lays. 

CfiwjH'us  liave  liceii  (ri'd"!!  on  tlic  luiid,  Ijii)  wiilioiit  much  success. 
(iriii>cs  lire  {rrown  witli  toli'raldf  sincess. 

The  soil  is  very  deep,  of  ii  li<rlit  alinviu!  natiirc.  and  will  not  ivtain 
iiioistiire.  \\\-]\  wnter  in  lliis  vicinity  is  dix-idt'iily  l)i-arkisli.  Owing 
to  sodiuu'iil  in  llic  river  (lie  dit«die>  lill  rajiidly.  In  185)2  the  North 
Laredo  Ijund  and  Irriirsilion  Company  Imill  a  ditdi  .'i  miles  long  in 
this  vicinity,  whicli  lias  now  been  cut  up  mid  is  nstnl  in  sections  iiy 
the  various  ranches. 

.]finlr!>/"?  finiii. — Adjoining  the  .Vlcxandcr  farm  is  a  1^-iicre  tract 
belonging  to  Mr.  Mmlrigid.  The  irrigation  jilant  consists  of  a  1;")- 
horsppnwer  ga.soline  engine  gcari'il  lo  a  triplex  pump  delivering  3fK) 
gallons  ])er  miniitc  from  live  river  against  a  lift  of  l>o  feet  through 
800  feet  of  ."i.Ti-incli  jjipe.  The  engine  uses  'J  gallons  of  gasoline  jjer 
hour,  at  a  cost  of  18.5  cents  per  gallon.  Another  pisoline  engine  of 
10  horsepower,  not  now  used,  formerly  ran  n  similar  i)unip  deliver- 
ing liii")  gi'.llons  on  1  gallon  of  gasoline  per  hour. 

\  small  ditch.  ^0  inches  wide  on  top  and  10  inches  deep,  was  used 
for  conveying  (he  water  to  (he  hind,  which  was  irrigated  by  tlie  bed 
system,  tlie  i>eds  being  10  by  100  feet  and  the  entii-e  flow  being  turned 
into  one  bed. 

Ten  acres  were  (danted  in  onions  and  :l  in  (I'uck.  The  onions  were 
irrigated  every  twelve  days.  re(]uiring  K  to  10  irrigations  during  the 
season.  Tlu'V  were  planted  ()ctol)er  1.  transjjlantcd  XoveinlH-r  15, 
and  harvesting  iM'gan  April  1.  Two  and  onedialf  to  3  acres  of 
onions  were  irrigated  jier  day  (d'  ten  houi's. 

Truck  was  irrigated  from  .Vugust  to  March,  partially  by  the 
bi'd  and  jmrtially  by  the  furrow  system.  The  latter  saved  one-third 
of  llie  water.  The  furrows  were  100  feet  long  and  i!..")  feet  on  centers. 
The  How  of  the  pump  was  turned  into  three  furrows. 

Onions  were  planted  4..")  inches  apart  in  rows  12  inches  on  centers. 
The  yield  of  onions  was  i>ii.()00  pounds  \Vl'v  acre. 

Xi/f  farm. — Near  the  .Vlexandi^r  place  is  the  farm  of  Mr.  Nye,  one 
of  the  oldest  residejits  of  the  section,  as  well  as  a  pioneer  in  irrigation. 
The  farm  comprises  "i.*)  acres,  -IW  acres  being  planted  to  onions,  of 
which  13  were  farmed  by  the  owner  antl  the  remainder  rented.  The 
yield  was  considerably  better  on  the  jiart  farmed  liy  Mr.  Nye  than  on 
the  rented  bind.  The  pumping  plant  consisted  of  a  tiO-horsepower 
boiler,  wiiicli  supplied  steam  to  a  duplex  steam  pimip  12  by  12  inches. 
delivering  !HI0  gallons  ])er  mimite  from  the  ri^'er  against  a  lift  of  6.") 
feet  and  forcitig  water  through  'X)Ci  feet  of  S-inch  pipe.  The  pump 
■was  set  in  a  brick  pit  15  feet  in  diameter  and  15  feet  deep.     The  fuel 
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iisod  was  coal,  jiliout  3  ions  hcinn;  r«|nirt'(l  for  :i  ila.v's  run  of  twelve 
lioiirs.     Tlic  iiiaiii  ditcli  is  4  fci'l  \vi<K'  im  top  luid  2  feet  deep. 

Seed  wa.s  plii]ite<l  OetolK-r  1,  3;")  to  40  pounds  |X'r  iiere  In-ing  used  in 
the  s(hh1  beds.  e<iiiivalent  to  'A  pmiiuls  ])er  aciv  after  ilie  onion.s  were 
lrans])laiit»'il.  Tlie  Innd  wiis  irripnted  I'verv  ten  to  Hfteen  days  diir- 
injr  tlie  season,  tlie  crop  requiring  10  irrifjations.  For  fertilizer  nia- 
luire  from  the  stock  yards  was  used.  a|>plied  at  tlic  rate  of  (lO  tons  per 
acre,  <'osting  $'J..'»()  per  tiai.  The  entire  onion  U'ds  of  j:5  acres  could 
be  irrigated  in  two  days'  run  of  fourteen  hours  each.  Onions  were 
irrigated  hy  the  hed  system,  the  cliecks  heing  i:5  feet  wiile  and  KM)  to 
30(1  feet  long.  The  sinallci'  IkmIs  i-cqnii-ed  the  full  Hiiw  of  tlie  pump 
four  to  tive  minutes  and  the  larger  beds  fifteen  to  twenty  minutes. 
OiiioHs  were  s])aced  ."i  inches  apart  in  i:'-inch  rows.  One  irrigator 
coidd  !oi)k  lifter  10  acres.  Transplanting  i'^  acres  of  onions  reijuireil 
40  tiien  sixteen  days,  and  harvesting  the  (toi)  fi'oni  the  same  re- 
»|uircd  40  men  twenty  days.  The  yield  of  the  i;i  acres  farmed  hy 
Mr.  Nye  was  .'i."),000  [jouuds  per  acre,  while  (hat  of  t!ie  renteil  lanti 
was  hut  I.^.(K)0  t<i  'JO.OOO  pounds  per  acre. 

Three  acres  of  grapes  liroiiglit  $ii()0.  Six  t<ius  of  alfalfa  ]»er  acre 
per  year  are  raised,  the  land  licing  irrigati'd  every  week. 

JoliiiKou  farm. — Near  Laredo,  on  tlu'  river,  is  the  4.r>-acre  farm  of 
Mr.  Johnson.  A  4.">-hor><'[Ki\\er  lioiler  fiirnisheN  steam  to  a  ]-2  by  14 
inch  steam  end  dujilex  [iiu)i|)  ilelivering  TTo  gallons  ])er  minute 
from  the  river  against  a  lift  of  .■>:!  feet  and  forcing  the  water  through 
2,(KX)  feet  of  (i-inch  pipe.  One  man  is  re<piired  for  the  operation  i>f 
the  pump  station.  Fuel  is  mesi|uit('.  I'osliug  iji'J.-i.")  per  cord  delivered, 
and  1  cord  is  required  for  ten  liours"  run. 

The  Hiil  is  :\  to  30  fwt  dcc[)  and  varies  from  a  dark  chocolate  to  a 
light  c<d()r.  Till'  subsoil  is  [jartially  I'urk.  The  land  whieh  slopes 
liaclv  from  (he  i-i\-er  7  feet  in  (!.."»  mile  hold.-,  moisture  fairly  well. 
It  was  planted  to  oninns  in  beds  spaced  .'>  inches  a|>art,  in  rows  14 
inches  a])art.  and  reipiiied  live  to  eight  hotii's  run  to  irrigate  the  4.5 
at'res,  the  flow  of  the  piunp  being  divideil  into  two  beds  wliich  were 
made  l.">  feet  wide  and  100  to  liOO  feet  long.  The  onions  reipiired 
8  to  10  irrigations  ])er  M'ason  anil  were  irrigati-d  alM>ut  every  ten 
days  between  Decemln'r  1  ami  .Vpril  1.  No  festilizer  was  used,  but 
this  year  cowpeas  are  being  grown,  whii'h  will  rei|iiire  two  irrigations. 

Miittixon  fiiriH. — Mr.  Mattesiai  is  installing  on  liis  farm,  near 
Laredo,  a  plant  for  irrigating  15  acre.s.  The  plant  consists  of  a 
puni|)  station  containing  a  ."»0-h<u"se])ower  boiler  and  a  Uri-horsepower 
automat ie  engine  belted  to  a  No.  (>  centrifugal  (Mimp  dis^-harging 
l..")00  gallon.s  per  minute  through  400  feet  of  9-inch  pilie.  The  lift 
from  the  river  is  53  feet.  , 
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CiKjlcij  fiirni. — Fiftwii  iiiilos  sovithoast  of  Lari'do  Mr.  Coprley  has 
a  farm  of  H  acirs.  Tlic  jMimp  staliim  has  a  (iO-liDrM'pDWiT  Iiorizoutal 
l)«ili>r  which  supplies  steam  at  6U  poutuls  prfssiin'  In  ii  piilsoiueter 
(leliv«'riiijr  from  (hi-  rivi-r  r»00  pilloiis  ]M>r  luiimtf  tlmnij^li  700  feet 
of  H-inch  pijK'  against  a  vertii-al  lift  of  (i-J  feet.  Tin-  fuel  used  was 
me-squite,  costing  90  cents  yier  cord,  the  wood  lieing  cut  on  the  land  of 
tlie  owner.  The  consumption  of  fuel  was  4  cords  [x-r  day  of  ten 
hours,  wliich  was  the  !eiij;tli  of  time  it  took  to  irri^'ate  the  entire  farm. 
The  ground  was  sown  to  onions  irrigated  l>y  I  he  l>ed  system,  the 
eiifiri'  flow  of  the  ]Miinp  l^eing  utilized  un  each  lied.  Onions  wei"e 
planted  in  October.  transjilanleiJ  in  Decenil^r,  and  liarvestetl  the 
latter  part  of  April.  The  yield  was  32,000  pounds  {M>r  acre.  The 
land  was  irrigated  every  ten  days  and  cultivated  after  <'a<'h  irrig-ation. 

Two  irrigators  ami  one  man 
to  run  the  punij)  station 
were  requireil.  For  fertil- 
izer 'lOO  tons  of  goat  manure 
wen"  usi'd  on  the  S  acres. 
The  soil  is  a  light,  sandy 
loam,  very  deep,  with  clay 
subsoil.  From  the  main 
ditch,  which  is  4,000  feet 
long,  the  water  enters  12- 
inch  sewer  piijes  from 
which  it  is  distributed  to 
the  hind.  Transplanting  the 
onions  took  18  men  fifteen 
days,  and  harvesting  re- 
quired the  same  amount  of 
labor.  After  the  onion  crop 
had  been  harvested  cowpeas  were  planti-d  and  n\\  to  the  middle  of 
July  liad  not  been  irrigated. 

Ilarrey  d'  Thorn //Hon  plunt. — Near  Laredo  is  a  *20-acre  ranch  rented 
and  faiTiied  l)y  Harvey  <&  Thompson.  The  pumping  plant  consisted 
of  an  fSO  horsepower  lM)iler,  supplying  steam  to  a  ti-iuch  pnlsometer 
pmuj)  delivering  500  gallons  per  minute  from  the  river,  against  a  lift 
of  r.O  feet  tlirough  1,.")0()  feet  of  12-inch  jvipe.  One  man  was  re*piireil 
to  operate  the  pumping  |)!ant,  receiving  .">.')  cents  per  day.  P'our 
tons  of  Laredo  coal  was  consumed  in  a  twelve-hour  run,  at  a  cost  of 
$l.r>0  per  ton.  The  coal  is  of  \wur  i[uality  and  the  railroad  company 
figures  that  2  cords  of  W(hw1  are  equivalent  to  1  ton  of  this  coal. 

Thirty  tons  of  sheep  and  goat  manure  were  used  per  acre  for  fer- 
tilizer, at  a  ('((st  of  $1  per  ton  in  addition  to  the  hauling,  which  was 
done  by  the  tenants,  and  cost  40  cents  per  ton. 
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Onions  ivcro  pluiUPil  4  iiirlies  apurt  in  rows  12  inelies  apart.  Tlicy 
were  Miiiispliiiitc'il  in  DcwnilxT  iniil  iiarvi'sted  in  Aju'it.  Tlii'  irriL'si- 
tion  l)eils  vvert-  lii  l»y  l.>0  fet-t.  It  ttwk  the  entire  sii[)|»ly  of  the  piunp 
two  and  one-half  iiiinntes  (o  irri'jalc  eiirh  ln'(l  anil  twelve  hours  to 
irriiiate  IS  aeres.  The  snpply  of  water  ti»  eacli  la-d  was  stopped  when 
the  water  had  reached  part  way  down  and  tlie  iheek  between  tlie  Ix'd 
and  the  adjoiniiifr  one  Itelow  opened  in  order  that  tlie  snr])liis  wjiler 
wliich  arrived  at  the  hottorn  of  the  lied  miglit  pass  into  the  adjoining 
Ix'd.  For  ilhistr-atioii  s<'e  Kfriire  61.  Two  men  anil  a  boss  wei-e  re- 
((uired  for  tlie  irrifxation  work.  Field  hands  received  $2.2r>  p<>r  week 
with  no  Sunday  woi-k. 

Fifty  men  transplanted  1.5  acres  {xr  day,  and  RO  men  were  reipiireil 
to  irather.  trim,  [jack,  and  load  the  yield  frtnn  1  a<'re — '25.(HK)  potuuls 
(jOO  crates) — per  day.  In  harvu.stinjr.  the  onions  were  plowetl  np 
while  the  tops  were  still  jrreen.  This  method,  of  eonrs«\  destroyed  a 
certain  nund>er  of  onions,  but  the  lessees  helie\eil  that  the  damage 
was  more  than  e(|nuled  by  the  saving  in   labor  over  the  customary 

I  niethixl  of  pnUing  by  hand.     Onions  yielded  20,()W  to  30.W)0  pounds 

per  ai're.  and  the  entire  eroj)  sold  f(jr  $l'J."i(Hl     The  les.sees  estinuited 

^—^       their  net  gain  at  $7,.>00,  as  shown  in  the  following  statement; 

w 


Twenty  aeres  onions f  12.  200 

Wilier  iiiKl   l.ilxir ; ... ^ 2,200 


't'oliil    sflin 

Oiie-fourtli  sliiire  to  owner  of  plant. 


Net  gatu  . 


m.  (KM) 

2,  "it Ml 
7,  54NI 


liniAl.liO  TO  TITE  a).\ST. 


Irrigable  land  in  the  vicinity  of  Hidalgo  starts  at  a  |)oint  altont  15 
miles  iipsti-eain  in  a  narrow  strip  which  rapidly  increases  in  width 
down  to  the  mouth  of  the  river.  The  country  is  filled  with  resacas 
(old  river  IrhIm),  some  of  which  retain  tlieii-  su[)ply  i»f  water  through- 
out the  year.  The  country  is  highest  near  (he  river  and  at  first  s1o|m'-s 
away  from  the  banks,  griidiially  rising,  however,  to  what  is  known  as 
the  second  In'Meh.  A(  Hidalgo  the  vertical  <listance  from  the  top 
of  the  river  baidv  to  extreim-  low  water  is  -i.'i  fwt,  the  river  at  this 
point  l»cing  suliject  to  a  ri^'  of  10  to  I'J  feet.  Land  slopi's  also  in  the 
general  direction  of  the  river  with  a  fall  of  about  1  foot  per  mile,  the 
distance  by  river  Ix'ing  alxiut  2.5  times  the  distance  by  straight  line. 
.Vccording  to  figures  taken  fnan  a  survey  of  the  San  .Antonio  and 
.Vnin.sas  Pass  Railroad  line  from  Alice  to  Brownsville,  via  Hidalgo, 
land  at  the  latter  [ilace  is  "JO  feet  above  the  average  low-water  stage  of 
ihe  river.  Five  and  one-half  miles  to  the  nr>rth  the  ground  falls  H 
fet't.  Seven  and  one-half  miles  north  of  Hidalgo  the  elevation  is  24 
feet  above  the  Hidalgo  bank.     The  gnHuul  is  nearl}'  level  for  tJ  miles, 
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lifter  wliioli  i(  drops  1.')  feet  in  :;  uiiles.  At  Rrowiisville  tlu>  averapre 
low-water  stage  of  the  river  is  13  feet  Ix'low  the  level  of  the  laiul. 
wiiile  tile  t'li'\-iitioii  at  Brownsville  is  l\'t  fei't  ahove  the  sea.  At 
Santa  Maria,  l'7  iiiili's  west  of  Brownsville,  it  is  7S  feet:  43  miles 
west,  fsr*  feet;  5S  miles  west.  110  feet.  For  ahoiit  'JO  miles  north  of 
Bnnvn^villf  the  jrroinid  slo|)i's  olf  jji-aihially.  hiivinji;  a  fall  of  IS  feet 
in  l.'>  miles.  At  the  imh)  of  this  di^taiiee  tlieiv  is  an  alirnpt  ri^e  cif 
lii  feet,  after  which  the  ffronnd  ori-udiiHlly  slopes  f>tT  again  and  then 
iise-<  tu  the  hanks  i>f  the  Arroyii  Colorado,  a  streani  which  is  iisiialh 
dry.  It  heacls  a  short  distance  aliove  Santa  Maria,  and  tide  water 
extends  30  miles  upstream  from  its  monlh. 

T!ie  land  of  tlie  first  iK'nch,  starling  at  tiie  river,  is  composetl  of  a 
light  alluvial  soil  which  cracks  when  it  dries  and  when  newly  )>lowe<l 
re(|nires  a  large  tpiaiitity  of  water  for  ii'rigalion.  The  timlier  is 
mainly  mcsipiite,  with  a  very  heavy  imdergrowlli.  The  land  of  the 
sectind  Ihmi<-1i  is  a  hlack  sandy  loam  and  quite  (irm.  It  has  not  Ikhjii 
Hooded  for  some  time  and  the  timlier  is  much  heaviei'.  After  cross- 
ing the  .\.rr(»yo  Colorailo  the  ground  gradually  hecomes  more  saiuly. 
until  at  the  hegimiing  of  the  sanil  belt,  atwinl  '\  miles  heyoud  El  Sauz 
ranch  and  ,">2  miles  north  of  Brownsville,  the  black  samly  loam 
entirely  disappears.  (loing  nurthward  the  timber  growth  becomes 
lighter  until  it  finally  <risa|)|)ears  at  the  beginnig  of  the  sand  belt. 

I'ntil  very  recently  labor  along  the  rixi'r  has  liecn  uljout  .")()  cents 
Mexican  per  day.  ov  alxait  23  cents  <'urreiu'y.  ()])euing  tip  tlie 
i'ountry,  however,  causeil  prices  to  ris<'  abnut  ^><)  jjer  cent.  Labor  is 
|)ractically  entirely  Mexican.  Much  land  near  Brownsville  has  been 
cleared  at  $10  per  acre.  The  usual  method  of  procedure  is  to  let  con- 
tracts for  clearing  the  land  rather  than  to  have  the  work  done  by  day 
lalxu-,  fonsiilering  the  nature  of  the  land,  some  of  which  will  yield 
as  much  as  S  c()rds  of  wratd  per  acre,  these  figures  seem  cxi-i'i'dingly 
low,     The  clearing  should  iiay  for  itself  in  fuel  value. 

I'P  to  the  jiast  year  this  c4Muitry  was  seriously  haiulicap]H><l  in  its 
dcvelopuieul  by  lack  of  transportation  facilities.  The  only  means 
of  getting  supi)lies  in  was  either  by  a  laO-nnle  haul  <iver  sandy  roads 
or  by  shipuu'iil  by  water  to  Port  Isabel  and  trans|iorlation  from  there 
to  Brownsville,  '20  miles  distant,  over  a  steam  railroad,  which  is  in 
reality  more  of  a  tramway.  Port  Isabel  is  .so  situated  that  oidy  light- 
drafl  boats  can  enter  (he  harlH)r,  and  even  these  often  lune  to  slay 
outside  in  ca.se  the  weather  is  at  all  rough.  From  Brownsville  to 
llididgo,  a  distance  of  70  miles,  there  is  at  |>reseiit  no  railroad  on  tl¥> 
American  side,  (hiuigh  on  the  Mexican  side  a  line  runs  from  Reyiiosa. 
which  is  oj)|)osite  Hidalgo,  to  Matanioras.  ojjposite  Brownsville, 
which  has  one  mixed  train  every  other  day.  However,  theiv  arc 
no  bridgi's  acmss  the  ri\er  east  ()f  Kagle  Pass.  In  .Inly,  1004,  a  rail- 
road line  was  completed  between  Kobstown  and  Brownsville,  which 
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wns  the  sifTiial  for  jjcin'ml  (■cIclirniiiMi  llirnii<rlioiit  tlu»  oouiitry.  A 
liniiioh  liiii'  is  lit  |)ffsi'iit  iK'iiijf  cuiistnictt'il  to  run  in'iir  !nilnl<i;o. 
wlii<'h  will  frroiitly  improve  tlu'  ])i'os|>e<'ts  nivd  oomlilioiis  of  tlic  farm 
owners  iiiul  fimiile  thciii  lo  ciiti'i-  iiitu  fomix'titiuii  in  (lie  open  iiuirki'ts. 

Irrifiiiticm  iK'\uli)])mi'iit  in  this  country  lias  l>i't'n  (lartienlitrly 
iitarkfd  tite  past  few  yeai>i.  tind  now  (Init  tlir  rnili'ond  hns  \>vy\\  coni- 
pk'ti'd  it  will  Ih-  nnlurjil  to  look  for  a  Inr<ie  inrri'asc  in  ihc  pi'oducts 
of  tlif  land.  This  country  is  one  of  the  larjii-st  irripition  lii-hls  in  tin? 
.State  of  Texas,  and  the  low  lift,  cheap  fuel  and  lahor,  and  early  sea- 
sons all  conduni'  to  malce  it  one  of  (he  Iciuliufr  si'ctions  for  irr-ifraliou 
on  a  lar^e  scalr.  The  llow  of  the  llio  tiramie  will  mil  he  nearly 
Huftieient  fur  all  the  iir'i>rahie  land  in  this  vieinity,  init  it  will  i)rol)- 
alily  he  some  years  liefore  the  low-water  How  r»f  the  river  will  hi' 
entirely  used.  The  resaeas  form  n:itural  ^torajfe  reservoirs  eapahle 
of  aiding  in  the  irripUion  proUleiii  to  a  i-crtain  extent  wIhmi  the 
supply  of  the  river  shall  he  entirely  utilized.  In  eonneetiou  witli 
reservoirs,  however,  the  sedimern  carried  by  the  river  desei-ves  eareful 
eonsidoration.  It  has  heen  e.stimated  l>y  those  familiar  with  the 
I'efjion  that  10(1  miles  of  ri'sara  de  los  I'ahiias,  tW)  niiles  of  I'esaea  de  la 
(juera,  and  .")<>  miles  of  resaca  Fresno  form  part  of  the  |)ossil»ilities  of 
storajje.  Uy  const  ruetinj;  euilli  dams  e\ery  (i  or  S  ndles  these  resaeas 
wouM  form  stoi'ajiie  hasins  "J.^O  feet  wide  and  7  feet  d<'ep.  In  addi- 
tion, the  Arroyo  Colorado  could  he  daimiied  to  form  s<'vei'al  l)asius 
of  an  averajie  dejith  of  2.5  feet  umf  a  uui.xinnim  depth  of  40  feet. 
This  stream  has  a  fall  of  '>!>  feel  from  its  head  to  its  mtmlh.  a  distance 
of  •2iK)  miles  and  an  averajje  wiiltii  of  ;!(IO  feet.  Tlu'  ailjaci'tit  laui) 
could  he  irrifiated  ]>ai'tly  hy  frravit,\'  hoilt  north  and  south  of  the 
stri'um.  The  water  of  this  stream  i>  >ometinies  salty,  due  fn  local 
rains. 

//i(l<ih/o  Company. —  In  the  reeord.s  of  llie  eounly  ofliee  at  Ilidalfjo 
is  a  notice  of  a|)proj)riation  made  in  Isiai  in  the  nauu-  <d'  the  Hidalifo 
and  Cameron  Irrigation  Company,  aiipropriatinjj  all  tin-  ima|)]ii-o- 
priated  watej-s  of  the  I'iver  and  all  the  undi-rHow,  ston-d  and  rain 
waters,  all  the  lakes  and  resa<'ns,  and  all  other  water,  in  or  out  of  sijjht. 
The  comi>any  hail  intended  to  irripile  sOD.lHMt  acres  hy  a  eaiud  'M) 
fe*t  wide  on  tlie  hottoin,  8  feet  deep,  and  side  s1ojh*s  of  (S0°.  to  Iw  Hid 
ndles  in  len<r(h,  and  to  deliver  l,-i70  cul>ic  feet  of  water  pej-  si'cond. 
The  eaiiid  was  tu  divert  water  hy  gravity  from  tlie  Kio  (irande  and 
riui  to  a  point  6  miles  helow  lirownsville.  The  project,  however,  fell 
throufrh  I'titindy. 

nidtilyti  Canal  Coiti/iiini/. — Tliis  company  has  a  i)nmpine;  plant  on 
the  river  a  short  distaitee.  alxive  Hidalgo,  hy  means  of  which  it  irri 
gates  800  aci'es.     The  plant  consists  of  two  ."i()-hoi>epower  boilers,  fur- 
nishing steam  at  S(l  pounds  [pressure  to  two  ."tO-horsejwwer  throttling 
eugines,  each  driving  a  vertic4d  centrifugal  submerged  iniuip.    The 
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("hginos  niul  hollers  nrc  in  thf>  npon,  nn<l  liavo  rii>  jinttcrtidn  !i«r!iiiist 
(lif  weatlior.  Tho  planl  wus  iusliilli'd  in  aiiticipiitiou  of  tiu-  m-cessily 
of  moving  it,  dnc  to  caving  of  tht-  river  bank.  It  is  opt'ratt'd  by  two 
(iri'ini'n  ami  one  cngiMccr  )h-i'  twclvt'-lioiir  shift.  Wages  in  Mexic 
nionov  are  as  follows: 


an 


r(*r  iiny. 


'2  flreuicu,  ut  JPl.i'i  ik"1' 
2  liel|>or8,  at  !^.7.")  [H?r 
1  engineer,  lit  $!..''><)  jio 
1  engineer,  at  :j!.').."»o  jk- 

T.itiil 

Fuel  ronsunijition  is  between  s  und  10  eonls  of  wooil  in  twenty-four 
hours,  at  $1  [ht  eord.  I'he  jHnii})s  are  slate.d  to  deliver  n  eoiubined 
flow  of  10,(M)0  gallons  pei'  niimite  against  a  lift  of  ti3  feet  nrnxininrn. 
A  rough  ohservution.  made  at  a  jjoint  abiuit  (iOO  yards  from  l!ie  pump- 
ing station,  imiicated  a  (low  of  11  euhie  feet  per  .seeoml,  oi'  i,O00  gal- 
lons per  niiaiit«.  The  main  eanal  is  ,50  feet  wide  and  very  shallow, 
with  small  banks.  Its  gi-a<ie  is  3.,"i  feet  for  the  first  mile,  and  its 
total  length  is  4  miles.  The  company  has  also  one  lateral  canal  50 
feel  wide  and  another  '2^t  feet  wide,  each  1  mile  long.  Sniue  of  the 
lateral  canals  are  (>  feel  wide  and  run  in  (he  direction  of  greatest 
slope.  The  laud  is  ])hiiited  in  alfalfa,  irrigateil  l>y  the  check  system, 
the  checks  being  on  2-inch  contoui-s.  The  land  has  considerable  sIo|h'. 
and  is  very  mnrh  cut  uj>  by  this  method.  Tiie  check  system  is  not 
suitable  for  irrigation  nn  steeji  sloi)es.  an<l  some  oilier  method  should 
be  nsed  unless  tlie  land  is  leveled  otf.  The  Ixitttans  of  the  ditches  are 
lower  than  the  iri'igalile  laud,  and  it  is  cnslonuiry  after  the  land  has 
been  iri-igalcd  to  drain  the  water  back  into  the  ditclics.  The  banks 
of  the  canals  were  poorly  constructed,  and  are  subject  to  considerable 
leak;ige.  When  starting  to  irrigate  for  alfalfa,  ihe  entire  How  fif  ibe 
[jump  r-an  four  days  and  ihive  nights  for  'M)  acres.  The  fourth  time 
this  land  was  irrigalcd.  after  the  alfalfa  bad  grown,  oidy  twenty 
bour>"  How  was  rec|ulred.  Alfalfa  is  the  prlnci|val  croj),  and  the  lan<l 
yields  i)  to  11  crops  of  ().T."»  ton  each  per  year.  Land  and  water  for 
irrigation  are  furnished  to  the  tenants  of  the  company  for  two-fifths 
of  the  crop. 

C/oniHr  pkint. — One  of  the  most  successful  irrigation  (dunts  in  this 
part  of  the  i«untry  belongs  to  John  Closner,  who  irrigates  .500  acres 
situated  (>  miles  hcdow  Hidalgo  on  the  hanks  of  the  Kio  (irandc. 
The  pumi)ing  jilaul  consists  of  a  simple  noncondensing  engine  14  bv 
14  inches,  which  drives  an  18-inch  centrifugal  i)mnp  delivering  ti.tKW 
gallons  jH'r  minute.  The  steam  pres.sure  used  is  (iO  poimds.  The 
plant  cost  about  $;i,()0().  One  enginwr  and  two  firemen  are  reipiired 
per  shift  ()f  twelve  hom-s  for  the  operatitm  of  this  plant.     The  fuel 

•  EqnnlB  $5  in  currency. 
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<ronsiitnption  is  1-1  fonls  of  w(x>il  in  twoiHy-fimr  hours,  t'ostiiip  $300 
per  luoiitli  of  twiMit y-li\o  days.  ()mc>  fn«iitii'i'i'  ivccivcs  $;">()  per  iiumtli, 
one  $^W  {XT  tiiniidi.  ami  tlic  lirciiK'H  ^l-J  pt-r  month  each.  Eiglit  men, 
uho  iHJCi'ivf  ^l-J  [JIT  iiioiitli.  an-  ifcpiiicd  to  tukc  ciiiv  of  the  irrigation 
vater.     T\w  piniiji  is  ojx'rattMl  ten  (iioiillis  ]h'I'  year. 

The  principal  croiis  are  siijrar  caiu'  and  alfalfa.  Alfalfa  irripa- 
tion  in'pui  in  Fcltrnary  aii<l  cane  irrif^ation  in  Man-h.  The  irripi- 
tion  of  alfalfa  cvaseil  tlu-  niiddk'  (if  XovcnilKT.  whiio  water  was  dis- 
contimu'd  on  (lie  caiu'  abont  the  middle  of  Septeinlwr.  Cane  was 
irrijL'ati'd  l>y  llu'  fnri'ow  system  and  durinjr  the  hot  season  it  reeeived 
an  irri<j;ali<»n  every  twenty  to  Iwenty-tive  day.N.  The  furrows  are 
idaml  ;i()0  feet  lonj^and  7  feet  i-etiter  lo  eonter.  Alfalfa  was  iri'igated 
by  floodinjr  hy  the  cheek  system,  the  size  of  liie  elieeUs  vai-yinir  from 
one-foiirlli  to  5  aeivs.  Aeeoi'dinf;  to  the  owner's  ligiires  the  cost  of 
irrigation  was  $K  per  acre.  The  pre.sent  plant  supplies  sufficient 
water  for  the  irrigation  of  TtXJ  acres.  The  lift  from  the  river  is  the 
bume  as  at  Hidalgo,  namely,  2'-\  feet  at  low-watei-  stage.  From  the 
middle  of  May  to  the  middle  of  June  and  from  the  middle  of  Augvist 
lo  the  miildle  of  Seplenilier  are  the  nsiud  [n'riods  fm-  high  water  in  the 
liver,  the  lowest  water  occurring  ItotwiHMi  the  middh-  of  Deceinher  ami 
the  fii-st  of  April.  The  river  is  liable  to  snilden  rises  from  Howls 
caused  by  rains  or  the  melting  of  snow  in  the  mountains.  At  a  [joint 
near  Brownsville  last  snminer  llie  rise  in  the  river  was  0  feel  in  as 
many  hours. 

A  sugar  mill  which  handles  the  cane  grown  on  .\li-.  (.'losner's  farm 
has  recently  l>een  materially  eidarged. 

Other  /i/diifs. — J.  Box  has  an  irrigated  farm  adjoining  the  Closner 
place.  Seventy-five  acres  aiv  at  present  under  irrigation  and  it  is  the 
intention  of  the  owner  to  irrigate  200  acres  with  his  jilaiit.  which  c<m- 
sists  of  a  rj-incli  centrifugal  ]>ump  delivering  -I.OtMl  gallons  of  water 
per  minute.  One  engineer  and  one  firenum  are  reiiuiivd  for  the 
tijx-ration  of  the  jilatit.  The  water  is  us(>d  [jrincipnlly  for  the  irrigji- 
tion  of  corn. 

Twelve  miles  Ix'low  Hidalgo  is  the  |)lant  of  La  Blanca  Agricultural 
Company,  which  is  similar  to  that  of  ilr.  Closner  and  irrigates  about 
tlie  same  area.  One  himdred  and  twenty  acres  of  alfalfa  are  irri- 
gated in  forty-eight  houi-s.  The  principal  cnjjjs  grown  are  alfalfa, 
corn,  ami  (rurk.  Klorencio  (Janz  has  a  j)lant  very  similar  lo  liie  Box 
plant.  From  the  plants  just  mentioned  down  lo  the  plant  of  the 
Brownsville  Lund  ami  Irrigation  Company  no  irripitiori  is  pnicticed 
lit  i)resent.  ihough  there  is  much  pros]K'ctive  irrigation. 

Brinriixr'tllc  Lund  itiid  / rr/ffiiflt/ii  ('mil pttiiij. — 'Y\\\>  eomjjany.  capi- 
talized at  $;«)0.0()0,  has  been  a  most  important  factor  in  the  develop- 
ment of  the  lower  Rio  (Irande  Valley.  Its  ])um])ing  |>lant,  situated 
on  the  river  bank  G  miles  abu\e  Browusville,  is  the  onlv  one  in  this 


44(1 


IBBIGATION    AND    DKAlNAliE    INVESTIGATIONS,  liKH. 


• 


^ 


^^cinitT  which  lias  inHclo  any  attempt  nl  pprniancnt  installation.  In 
nil  the  other  [ilaiils  the  ifle^i  seems  to  prevail  that  the  l)ank  of  the  river 
is  going  to  eave  sooner  or  later  and  that  it  will  henee  Ih"  net-essarv  U) 

move  the  niiichinerv.  The  Uron  iisville  Lniul  niul  Irrigation  Com- 
pany has  hiiill  a  hriek  wull  ahnig  the  river  front  foi-  m  ilistance  of  150 
feet  to  |)n)tect  the  bank.  Tiiis  wall,  as  well  as  the  fo\indation  of  the 
power  house,  rests  on  :t  rlay  l)i>ttoin.  The  suction  pipes  of  the  pntnps 
projeet  thrtMifrh  the  vvjill  tnio  (he  river.  .V  day  foinulnlion  is  iipt  tc) 
be  treacherous,  and  it  woiihl  have  been  preferable  to  have  driven 
piling  iinderneiith  tlie  iV)uii<lalion  of  the  wall  and  [(owei'  house. 

The  pumping  |>laiit,  wliidi  i>  built  m-xt  to  the  river  bank,  consists 
of  tlie  following  apjiaratus:  One  "JOO-horsepower  water-tiil)e  Innler 
supplies  sleain  at  100  pounds  pressure  to  an  IK  by  4"i  inch  2"2r)-horse- 
jjower  Corliss  simple  I'ondeiising  engine,  which  is  l>elted  lo  a  3<>-inch 
donlile-suction  centrifugal  iiunij),  the  suction  [lipe  of  whir'h  is  4"J 
inches  in  diametei'  and  the  discharge  end  of  wiiieh  is  scpiare  with  an 
urea  e(|ual  to  thai  of  a  :5Ci-iiich  circle.  Th4>  engine  sju'ed  is  TO  ivvo- 
hitions  pel'  minute  and  the  |)uiiip  speed  HU  I'cvolut tttns  per  niinnte. 
The  engine  is  [u'oxiiled  with  a  surface  condenser  givinir  only  ab<»ul 
ITi-inch  vacuum.  Two  7:i-inch  by  lS-fiM>|  horizontal  uniltittibular 
ImJlei-s  of  12.1  horsepower  each  supply  steam  to  two  throttling,  non- 
condensing,  slide-valve  engines  of  p_'.")  horM-power  each  oi>erating  at 
a  .spee<I  of  l'_*0  i'e\()lulions  per  niinutc.  Kacli  engine  is  belted  to  a 
24-inch  centrifugal  ])ump  run  at  ixo  revolutions  |)er  niinnte.  The 
[iuni[)s  Inne  a  •2li-iuch  suctit>n  and  24-inc'h  discharge.  The  capacity 
of  the  plant  itmicr  a  lii-fuot  lift  is  4t),Pt)0  jrailons  |ier  ininrile  from  the 
3(>-inch  ])nmp  anil  2O.()O0  gallons  per  minute  from  each  of  the  24-inoh 
pumps  at  rat<>d  speeds,  the  normal  speed,  however,  being  10  jier  cent 
less  than  the  rated. 

The  lalxu-  reipiired  for  operating  the  plant  is  as  follows:  Tlire<' 
engineei's.  ea<'h  of  whom  woi'ks  on  an  eightdioiir  shift,  and  10  hibor- 
ers  and  4  hremeii.  each  working  a  tweh'edioiti'  shift.  The  oi)eration 
of  the  3(i-iuch  ])uiup  rei|uires  1  tireman  at  $1..'>()  Mexican  and  'J 
helpers  at  $1  Mexican  to  fire  the  boilei',  the  remaindt'r  of  the  |>lani 
reipiiring  1  lireman  and  '-i  hel|)ers  |»er  shift.  Thi'  fuel  consnmplion 
for  the  :{(i-inch  pimip  is  11  cords  of  wood  pei'  twenty-four  hours,  the 
pump  speed  being  10  per  cent  less  than  given  above.  The  remainder 
of  the  plant  consumes  l:\  c<)rds  of  wood  in  twenty-four  hours  with  the 
same  reduction  in  pump  speed. 

The  ])iuiips  disc-liarge  into  a  Hume  whose  top  lies  directly  over  the 
di>charge  pipes.  The  lift  of  water  as  e.xpres.sed  by  the  figures  of  the 
company  is  the  ver(ic-al  distance  between  the  bottom  of  the  flume  and 
the  level  of  the  water  in  the  river.  However,  as  the  water  runs  at 
considerable  depth  in  the  Hume.  -2  feet  shoidd  Ik?  a<lde<i  lo  the  rated 
lift  to  obtain  the  actual  distance,  which  in  this  case  would  allow  for 
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only  (lie  ilfplli  of  whUt  in  llic  (htitif  tiiiil  not  foi-  llic  velocity  head  of 
thi-  tlis<'liiiri;:t'.  Tlic  riitcd  lifl  i^  fictwwn  I'i  feet  !>  inclirs  luid  minus 
10  indies,  or.  in  other  wordw,  practically  between  14  fwl  !i  inchas  and 
R  inciies.  Diii'inir  iiifih  wnler.  linwever.  it  is  nrwssiii'v  to  run  the 
pumps  slowly,  iilthoiifrh  the  level  of  the  water  in  the  river  is  alxtve 
the  level  of  clie  bottom  of  the  esinal.  Twenty-six  eonls  of  wo<"h1  are 
consumeil  in  twenty-foui-  Ixmrs  iitnlei'  ii  10-f<nit  rateil  lift.  Wieii 
the  lift  fiills  drt"  the  fuel  consumption  is  30  to  '.VJ  eonl>  ])er  dav. 

The  in  ramil  is  1(H)  feet  wide  and  very  shiillow  nml  Inis  ii  full  of 

Ii  iiiehes  ]ier  mile.  Kxea\iilions  for  the  hunks  were  lar;,fely  made  hy 
liorrow  |)i(s  on  the  insiite  next  ti»  the  Imfiks.  tlie  raiia!  huvinfr  a  sec- 
tion, as  shown  in  fipure  Crl.  The  de|M»sit  made  hy  the  I'iver  in  the  beds 
of  the  eanals  is  partly  ehiy  and  ]>artly  sand.  Iiut  in  most  of  thi'  canals 
near  lii'ownsville  it  is  day,  which  cracks  ofx-n  when  liry  and  hecoines 
almost  as  hard  as  soapstone. 

About  '2.")  miles  r»f  main  canal  luiv<'  iK-en  constructed  and  water  is 
furnished  to  7.0(K)  acres,  plant<"d  mostly  to  ri<'e.  Two  crops  of  rice 
per  year  are  grown  un  part  of  the  land,  but  the  second  is  ilecidedly 
smaller  than   the   fii-st.     The   irrigation  seasons   for  rice  are   from 
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March  1  to  November  1,  The  canal  company  figures  that  alwiit  10 
gallon.s  of  water  per  minut«  per  acre  are  required  during  the  season 
for  rice  irrigation.  The  first  cro|)  re<|uired  one  bmidred  days'  iri'iga- 
tion  aiul  the  second,  sixty  days.  The  land  yields  4  to  17  sacks  p<'r 
acre,  with  iin  a%'erage  of  10  sacks  of  1!>.")  pounds  each.  The  price 
realized  for  rice  was  between  -1  and  3.4  cents  i>ei'  jxauid.  For  tin- 
irrigation  of  (),()0U  acres  of  rice  the  yearly  consumption  of  fuel  was 
•J,250  cords  of  wood. 

Rice  land  is  irrigated  by  the  check  system  of  flooding,  the  areas 
of  the  check.N  varying  up  to  10  acres  in  extent.  Tlie  bottoms  of  the 
ditches  are  in  many  places  constructed  considerably  lowci'  than  the 
land  itself  in  order  to  malce  ttie  same  ditcli  serve  botli  for  supplying 
watei-  and  to  drain  when  it  is  necessary  lo  draw  the  water  off  the 
land. 

In  addition  to  the  rice,  about  Iti")  ai-res  were  planted  in  trmk.  The 
land  for  farming  and  water  foi-  irrigation  of  the  same  ar-e  fnnushcd 
tenants  for  one-half  the  value  of  the  crop,  nnwh  of  the  land  InMug 
farmed  by  renters.  Xo  measurement  whatever  was  made  of  tlic 
water  consumetl  bv  tcmintij. 
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Uj)  to  Miiy  'MK  11'04,  tlie  SiCt-tiicii  pnrup  hml  opcrntotl   forty-niiip 
tlays  and  five  hours,  one  ii4-in('}i  jiiiui])  tw<'iity-ei.i:lil  iliiy^  juhI  t-ifrht 
1   the  otlier  '24-indi   |>uiiip  nineteen  days  and  (wo  hours. 


hours,  a  IK 

The  averajrc  rorrected  lift  dnrinfr  this  period  was  11  feet  tJ  indie-s. 
]Juriii<r  11  test  of  the  How  of  llie  canal,  made  hy  the  writer,  the  cor- 
rected lift  was  I'J  feet  S  inches,  niid  the  qiiantitv  of  water  measured 
at  a  flnnie  1  mile  from  the  power  honso  was  ()4,S00  pallnns  ]ier  minute. 
The  conditions  of  operation  of  tlie  machinery  at  the  time  were  as 
follows: 

3fi-inch  pump,  fiS  revolutions  per  minute;  engine,  147  revolutions 
per  minute:  |)ressure.  111)  pounds;  vacuum,  15  pouiuls, 

•24-iiKh  pumps,  114  revolutions  per  minute;  engine,  175  revolutions 
per  minute :  pressure,  i)0  jiounds. 

Mt'N(|uile,  which  is  used  for  fuel,  is  rather  j^reen  ancl  wlien  closely 
stacked  weiphs  3,700  poimds  per  cord.  The  price  of  same  is  $l.r>0  to 
$1.70  per  cord.  lirJek  construction  is  used  very  extensively  in 
Urowiisville,  as  it  is  clieajier  thiui  wood. 

7'he  ilriihii/e  plttnt. — (Jeorfre  Binilaye  has  an  irrigation  plant  on  the 
river  !)  utiles  ludow  Brownsville.  His  farm  consists  of  400  acres,  of 
which  iKl  are  at  present  under  irri>£ation.  70  acres  bL-inji;  in  rice,  11 
in  corn,  and  100  in  cane.  The  lift  from  the  river  is  alxiut  15  feet  at 
low  water.  The  boilers  supply  steam  to  two  enpines,  one  of  which 
di-ives  a  Ifj-inch  and  tlie  other  a  Hl-inch  centrifugal  puniji.  The  1.5- 
inch  pump  requires  tJ  cords  of  wckmI  for  a  twelve  hours'  run,  the  10- 
inch  retpiiring  4  cords  of  wood  for  the  same  length  of  run.  The 
pumping  station  is  situated  on  tlu'  making  hank  of  the  river  and  the 
distance  from  the  station  to  water  has  materially  increased  since  the 
plant  was  first  jmt  in.  At  present  the  water  is  conveyed  through  a 
chatniel  alxuti  l.")0  feet  long  to  the  suction  pipe.  At  tiu'  lime  of  the 
writer's  visit  the  banks  of  the  channel  had  caved  in  and  all  the  pijjes 
were  tilled  with  sand,  and  in  conse(|i)cnce  the  plaiU  was  not  in  opera- 
tion. A  sugsir  mill  was  installed  on  the  farm  and  the  fuel  consump- 
tion for  both  tlie  power  house  and  sugar  mill  was  700  cords  per  year. 
Tlu'  engines  and  pumps  are  direct-connected  luiits  and  were  installed 
without  ade(]uale  protection  fnun  the  weather.  The  furrow  system 
of  irrigation  is  practiced  for  corn  and  cane. 

On  the  ^lexican  side  of  the  river  there  were  several  plants  that 
are  worthy  of  note. 

if.  M-  .\f<  ,i,}i,,l,i  plant. — M,  M.  Mendiola,  a  well-known  engineer 
in  (he  eiii]jloy  of  the  Mexican  GovernnuMit.  has  an  irrigation  plant 
at  Matanujras.  across  the  river  from  I{rown^ville.  .V  steatu  engine 
drives  u  centrifugid  pump  delivering  4,0(J0  gallons  i)er  minute  against 
a  22-foat  lift.  The  fuel  consumption  is  :i  cords  of  wood  in  twelve 
hours.  The  plant  is  suilicient  for  (iu'  irrigation  of  3(K)  acres  of 
cane,  though  at  present  oidy   100  acres  are  irrigated.     Sugar  cane 
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requires  six  irripitions  a  yoar  in  dry  woathi-r.  The  plant  is  operated 
from  ;i  a.  iii.  to  7  |).  in.  'Hk-  iirijLiralion  -fasitn  is  from  Marcli  to 
August,  in  whicii  time  the  crop  requires  imh'  iiiuulrcil  and  fifty  days' 
ojieratiiin  of  tlie  plant.  Cotton  is  icriiiati-d  twice  in  ilry  years,  once 
wliiii  [ilanliiig  and  oiifc  wlien  lialf  grown.  Tlie  pumj)  station  will 
irrigate  iO  acres  of  land  in  twelve  hours.  All  irrigation  is  d(fne  hy 
Hooding,  the  land  Iteing  divided  into  chi'cks  and  niKint  half  an  aere 
in  extent.  It  is  (luoded  ^  im-hcs  deep,  the  owner  [ueferring  llooding 
to  the  furrow  system,  as  it  tends  to  kill  ihe  vermin.  Corn  in  dry 
yeni-s  receives  two  irrigations,  one  when  it  is  planted  in  March  and  a 
second  ij)  May. 

The  Femnndcs  plant. — Near  Mntamoras  is  an  irrigatitm  ranch 
belonging  to  J.  11.  Fernandes,  consisting  of  <)0()  acres,  planted  to 
rice.  The  pnmp  capacity  is  H.niK)  to  -io.ooo  galhms  jx'r  minute,  but 
only  one-third  of  this  capHcity  is  used  for  the  present  acreage.  A 
•J4-ineh  i)utni)  furnishes  tlie  water  snjjpty  to  the  land,  and  it  is  the 
ijitention  of  the  owner  to  irrigate  •1,M^^  acres.  .V  l.^>-inch  centi'ifugal 
drainage  pump  is  used  in  connection  with  this  work.  The  water 
|)um)ie<l  hy  the  latter  is  used  for  the  irrigation  of  pasture. 

tSdt/t.i  ('oiitjxiHij. — The  Santo  Com|)any  apjdied  to  the  Mexican 
Government  for  an  appropriation  of  -JO  cid>ic  meters  of  water  per 
second,  to  Ik^  use<I  for  the  irrigation  of  hind  near  .Matamoras.  The 
application  was  refused,  liowever,  since  (he  (piantity  asked  f»ir  was 
more  than  one-half  the  inininnnn  rate  of  (low  of  the  river.  The 
Govertnncnt.  howi'ver,  said  it  w<udi!  grant  them  l«:l  second-feet,  the 
same  lx>ing  one-tldrd  of  half  of  the  minimnm  flow  of  the  river,  or  a 
flow  of  1,100  cnhic  feet  |jer  secontl.  The  company  owned  KM)  .s<]uare 
leagues  of  land,  hut  i(  is  tlumght  j>ossil»!e  that  they  may  irrigate  10 
square  leagues  with  the  (low  which  they  would  he  allowed  U<  at)|>ru- 
priate.  This  would  Ik-  a  <luty  of  over  ."KM*  acre^  to  llie  sec<uul-foot, 
which  is  decidedly  large  considering  the  nature  of  the  country.  Up 
to  July.  l'.)04,  the  ."^anlo  Coni|)any  had  taken  no  actitui  on  tlie  otl'er  of 
the  (iovernnienl. 

(tn  the  San  Diego  River.  iJ5  miles  fi*oni  Del  Kio  on  the  Mexican 
side,  an  irrigation  coniijany  projioscs  to  irrigate  I'O.OtHI  acre.s  of  land 
from  (he  ri\('i'  by  a  gra\ity  system,  with  the  aid  of  storage.  The 
ianil  to  Ih>  irrigated  lies  in  tAvo  trart.s,  the  lower  of  which  is  BO  feet 
alM>ve  Ihc  Uio  (irande.  There  is  a  fall  of  -JTS  feet  Ix'tween  the  site  of 
the  jiroposed  storage  reservoir  and  the  lower  irrigahle  land.  It  is 
proposed  to  utilize  the  water  powei-  in  two  falls  of  40  and  .'lO  meters, 
re.sixH'lively,  for  pumping  water  from  the  Rio  fJrande  to  assist  in 
irrigation  woi'k.  .\  large  canal  with  a  capacity  of  4  cnhic  meters 
per  second  is  intended  for  the  irrigation  of  HO.OOO  acres,  and  a  canal 
witli  a  (juarter  of  this  capacity  will  be  utilized  for  power  jjurposes. 
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TIh'  Kio  iiniiulu  was  formerlv  iiavigrthle  some  distiimv  uliovi 
Hidiil^^o.  Imt  in  recent  yeaiN  the  scdinient  hits  depo^iteil  so  i-upidly 
tliii!  lit  present  no  adenipt  iit  niivijration  is  made.  Tlie  river  is 
Htill  i-lassed  as  a  navipahlc  stream  hy  the  (itivermncnt,  and  it  nniy  be 
considered  an  open  question  what  eH'ect  the  divei-sion  of  water  wmih! 
have  on  its  legrai  asjK'et.  Amoii^  tlie  prini-ipal  Iriljiilaries  on  the 
Mexican  side  may  lie  mentionefl  (lie  San  Juan  Hiver,  which  eniptic'^ 
into  the  liio  (Jraiide  ](>S  miles  ahove  BnnvHsvilit'.  and  tlie  Sahno 
River.  Tlie  water  of  the  former  is  of  a  {r«od  <|ualily;  the  Sahno 
River  is  decidefllv  saltv  and  alkaline. 
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Fk'jiimiinp  a  .short  distance  north  of  the  Southern  Pacific  Railroad 
in  I'valde  County  the  jrronnd  rises  gradinilly  lo  the  mountains  in  the 
northern  ])art  of  the  county.  Several  rivers  and  creeks  have  their 
headwaters  in  the  mountains,  ainoiifr  which  may  In-  mentioned  the 
Nueces,  Ia^oiui,  Krio,  and  Dry  F'rio  rivers,  all  of  which  finally  empty 
into  the  Nuece.s,  The  Ix'ds  of  the  rivers  in  the  nnunitains  are  tilled 
with  lo4)se  rcH'k  and  gravel,  through  which  the  water  percolates  when 
the  I'ivers  are  l(»w.  The  river  IhmIs  thenjsehes  are  of  i-«H'k,  and  where 
the  gravel  layer  is  (hin  surface  flow  ap[)ears.  By  the  time  the  rivers 
reach  the  plains  the  flow  has  largely  disappeared,  e.\cept  in  times  of 
wel  weather.  South  of  r\alde.  however,  tlu'  I./i'ona  River  always 
carries  sufficient  water  to  serve  for  consiiiendde  irrigalion.  On  the 
visit  of  the  writer  to  this  district  in  Jidy.  11H)4.  the  ri\ers  were  at  an 
excepti<uuilly  low  stage.  In  the  mountains  the  (low  from  the  Xueccs 
and  l<"rio  rivers  was  utilized  fnv  irrigalion,  ami  the  supply  was 
sufficient  for  the  present  lu'cds  of  the  country.  The  I'ivcr  valleys 
in  the  mountains,  while  not  wide,  still  have  a  c<m>idci'aUh'  amount  of 
land  capahlc  of  hciug  irrigated  io  good  advantage.  In  general,  how- 
ever, it  may  l)i>  said  that  large  tracts  of  irrigable  land  lies  toward  the 
cenlei'  and  south  of  I'valde  County,  and  to  obtain  iri-igation  water 
foi"  this  land  would  necessitate  llie  ctuistructiim  of  storage  r(>servoirs. 
There  ar<'  a  few  sites  oti  these  rivers  where,  from  preliminary  odsei-- 
vations.  i(  would  seem  that  >toragc  i'esei'\oii-s  ciudil  be  built  to  advan- 
tage. There  has  been  >ome  talk  of  thcii-  construction,  but  no  actual 
slejjs  lia\('  ta'cii  taken  in  this  direction. 

Nt:E<-E.S  RIVER. 

lu'rn  Lo/,t'  Ranrh  ('oni jhiiuj.- — A  few  mile>  nortli  of  the  town  of 
Miuitell  is  a  liifl-acre  tiact  owned  by  this  com))any  and  irrigated  by  a 
<litch  from  the  river.  A  dam  2.")  fei't  high  and  4  feet  base,  built  of 
gravel  and  willows,  serves  to  raise  the  level  of  the  water  sufficiently  to 
irrigate  the  land  by  gravity.     Like  other  dams  of  this  nature,  it  leaks 
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fonsiiU'rablv.  but  us  there  is  siifliciont  water  in  the  river  this  is  i)  mat- 
ter of  IK)  e<nise(|iieiice.  The  ditch  is  ■\  feet  wide  on  tlie  hotloni.  5 
feel  OH  tup.  iiiid  H  feet  deep.  Water  runs  nbnut  ;^0  ineiies  dwp. 
Tlie  ditch  is  snid  to  carry  3,000  <ridh)ns  |)e!'  minute.  At  ihe  lime  of 
(he  writer's  visit  it  wtis  not  full  and  was  <'in  rvinji:,  hy  meiisntement, 
jdioiil  <uu'-hidf  this  quantity  of  waler.  ( )ne  liiiiulrefl  and  twenty  acres 
;iiv  phtnted  in  Joliuson  frrsiss.  irrifriU^'d  e\ery  Hfieeu  days:  3.")  acres  in 
culUm.  ii-rigated  twice  a  season:  ;i."i  acres  in  ciu'n.  irrifriiled  twice  u 
season.     Tlie  yield  of  corn  wa.s  30  bushels  jier  acre. 

The  ditch  full  will  irrigate  all  llie  corn  and  i-<itl(in  land  in  fifteen 
days  of  twelve  liours  t-ach.  and  .bilinson  jTras^  in  leu  days.  The  hitter 
is  irripnted  hy  Ihe  tablet  system,  the  lalilets  hcinp  40  to  dO  feet  by  ;200 
to  300  yards  lon<r.  <  )ne  nuin  can  hmk  <ail  for  the  iri'ijiation  of  Jolm- 
son  g^rass  at  tlie  above  rate  and  Iwti  men  for  llic  irriffation  of  corn 
and  cotton.  The  yield  of  Johnson  jarass  is  1  ton  per  cutting  and  4 
cnttinfrs  per  year. 

li".  .1/.  Junes  rinirh. — A  shoi't  distance  Ik'Iow  Monlell,  \V.  M.  Jones 
irrigates  .")0  acres  with  water  pumped  from  I  lie  river.  .\  tJdiorse- 
power  gasoline  engine  drives  a  No.  '?>  centrifugal  [nnnp  delivering  SfiO 
gallons  ])er  minute  against  a  27-foot  lift.  The  engine  uses  !>  gallons 
uf  gasoline  in  ten  hours,  the  cost  of  same  being  12,5  to  18  cents  per 
gallon. 

Twenty  acres  were  planted  in  cotton,  which  nii  to  the  end  of  July 
had  received  one  ii'rigation;  SO  acre.s  in  corn  and  sorghum,  which 
receive<l  two  ii-rigalions  per  croji.  A  ten-hour  nni  of  the  pump  fur- 
nished sufhcient  walei'  to  irrigate  3  acres.  The  tablet  system  of  irri- 
gation is  used,  the  tablets  iK'ing  ."lO  to  SO  feet  wide  by  400  yards  long. 
One  man  I'an  irrigate  1..')  acres  in  a  day  with  one-half  the  fhiw  of  the 
|>um|).     Corn  yielded  30  bushels  j)er  acre. 

Bitiilor  rawh. — A  short  distance  below  the  Jones  ranch  Mr.  Baylor 
irrigates  25  acres  vvilh  water  from  Monlell  ("reek,  which,  however, 
runs  ilry  part  of  the  time.  A  ditdi  about  IS  inches  wide  runs  G 
inches  dwp,  deli\ering  a  How  of  K(K)  gallons  |H>r  minute.  Four  acres 
planted  in  corn  weiv  irrigafe<l  every  fifteen  days;  18  acres  in  John- 
son grass  were  irrigated  every  fifteen  days;  3  acres  were  planted  in 
irane.  ' 

A  rock-and-chiy  dam  was  ns^^d  for  diverting  the  water,  which 
flowed  into  an  earth  tank  li  feet  deep.  350  by  ".t5  feet.  The  flow  of  the 
ditch  will  fill  tlii>  lank  in  ten  hours.  The  tank  full  will  irrigate  4 
acres  in  six  honr.s.  Johus<ui  grass  was  irrigated  by  the  tniilet  sys- 
tem, the  tablets  iK'ing  30  feet  wide  atid  240  yards  long.  The  yield  of 
corn  was  .30  bushels  |ier  acre. 

A  few  miles  below  this  ranch  an  attempt  was  made  a  few  years 
ago  to  dam  the  Nueces  River  to  divert  water  into  a  ditch  which  was 
to  irrigate  a  large  area  near  the  base  of  the  mountains.     At  the  dam 
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sito  si'ledt'd  tin-  river  dad  lilled  ii|)  to  a  depth  of  ritJinu  17  feet  with 
HH-k  and  jiravi-l.  aiifl  to  cut  (iff  the  luidei-flow  from  the  same  sheet 
piliiifj  was  driven  tlmmfrh  the  rorks.  The  piling  was  composed  of 
three  jvieces  of  :\  \}\  1'2  lield  t<»irether  iti  siieli  a  way  as  to  form  a  toii<riie- 
aml-groove  hiairding,  llie  niiddk*  pieee  being  otfs<'t.  This  attempted 
diitn,  however,  was  a  disniiil  failure,  as  tlie  she<'t  (liliiig  drove  any- 
thing but  straight  liirongh  tiie  howhh'i-s  and  utterly  faih'il  (o  inter- 
eept  the  flow  of  watei-.  Figure  (W  shows  a  set'tion  rif  tlie  river  at  the 
point  of  the  attempted  daui. 

Still  another  dilKeulty  eiieouiiteretl  was  in  the  construction  of  a 
ditch  f(jr  diverting  the  water.  The  ground  through  which  the  dilch 
ran  was  gravelly  and  acteil  like  a  sieve.  Only  a  short  section  of  the 
ditch  was  constructed  and  that  litis  now  l)een  at>an<loned. 

At  pix'.sent  there  is  a  proixisition  to  di\ert  the  river  water  at  a 
point  a  short  distance  above  this  dam  site,  where  the  Ix'd  rock  of  the 
river  conies  to  the  surface.  The  projected  plan  involves  the  construc- 
tion of  a  low  dam  at  this  point,  whence  the  water  will  be  carried  by 
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a  pipe  suliuierged  in  the  river  cluinnel  to  a  point  about  a  mile  dis- 
tant, where  the  head  of  the  ditcli  will  Ik*  located.  One  idea  of  this 
plan  is  to  avoid  encountering  the  gravelly  strata  through  which  the 
old  ditch  ran.  The  water  would  then  l>e  conveyed  by  a  ditch  some  '20 
miles  long  to  an  earth  reservoir  built  by  diimming  some  of  the  draws 
in  (he  foothills.  If  this  were  carried  out  an  immense  <)uautity  of 
land  would  be  subject  to  irrigation.  The  main  point  about  such  an 
undertaking  is  the  building  of  a  resi»rvoir  of  suitable  size.  The  e.sti- 
mated  storage  capacity  of  the  proposed  one  was  l'J4,(Xll).(K)0  cnliic 
feet.  Allowing  18  aere-inche.s  storage  capacity  for  the  iirigation  of 
1  acre  would  make  this  reservoir  capable  of  irrigating  -i-OOO  aciv.s. 
A  conliiuKuis  supply  fnuii  the  river  would  of  ctiurst>  increase  to  a 
considerable  e.xtent  the  acreage  which  would  lie  sidiject  to  irrigation. 
For  this  [imposed  reservoir  the  enilmnkment  is  to  be  .t  feet  higher 
than  the  level  of  liigh  water.  14  fei'l  wide  on  (u|).  built  with  side 
slopes  of  S  to  1.  The  maximum  height  of  the  dam  will  be  4'2  feet 
and  tlie  h^ngth  1.700  feet.  The  cubic  yards  of  earth  in  the  dam 
would  U-  :'.U).OtM). 
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A  moasnrcinent  of  tln<  river  nt  tlic  proposi'd  dam  sito.  mndc  in  the 
latter  jnirt  of  July,  11I04,  shuwt'd  ir  (low  uf  ;i")  cubic  feel  jier  M'cuiitl. 
At  the  point  where  this  measurement  was  made  lliere  was  a  con- 
sideralile  bet!  of  fjruvel.  wiiich  wouKI  add  materially  to  the  actual 
flow,  wliicb,  as  an  approximation,  was  a  total  of  perhaps  M  cubic  feet 
per  second. 

Dodxim  farni. — A  short  distance  below  the  site  of  the  attempted 
dam  is  the  farm  of  J.  .1.  Dodson.  who  irrigates  144  acre-  with  water 
pumped  from  the  river.  Two  40- horsepower  boilers  supply  steam 
to  a  ()i)-horsepower  thruttiinir  enjjine  driving  a  No.  i>  centrifugal 
pumj)  delivering  I.ltOO  gallons  ])er  minute  against  a  head  of  .'JSl  feet. 
The  boilers  consume  2  cords  of  me.squite  in  twelve  hours'  run.  'Die 
mesquite  grows  on  the  laud  of  the  owner  and  the  cost  of  cutting  ami 
hauling  is  $1  per  cord. 

Three  acres  were  phiiited  in  alfalfa  which  received  two  irrigations 
for  eju'li  cutting.  This  was  not  a  very  successful  crop.  One  hun- 
dred and  fifteen  acres  were  planted  in  cotton,  whicli  in  liHt4  received 
one  irrigation.  When  the  weather  is  <Iry  the  owner  figures  that  two 
or  three  irrigations  |km'  seas«»n  would  Ite  neces.sarv.  Two  acix-s  were 
phmted  in  trucU,  4  in  sorghmn,  and  "iO  in  corn.  The  latter  received 
one  irrigation,  but  in  (h-y  years  would  require  two.  The  yiehl  of 
corn  was  30  bushels  [)er  acre.  Part  of  the  time  it  was  necessary  to 
run  tlie  plant  day  and  night. 

The  tablet  system  was  used  for  alfalfa  and  the  furrow  system  for 
other  crops.  The  flow  of  the  pump  would  irrigate  H  acres  in  twelve 
hours  by  the  furrow  systen»  and  'A  acres  in  the  same  time  by  the 
tablet  system.  Alfalfa  was  laid  off  in  tablets  2^t  by  300  feet.  The 
rows  in  the  furrow  system  were  (iOO  feet  long  on  4-foot  centers,  the 
flow  of  I  he  ijiim|»  being  diviileil  between  2  lo  '.{  rows.  The  time  re- 
quired (o  run  through  the  rows  was  twenty  to  thirty  minutes. 

vino  mvER. 

In  this  section  of  the  country  the  term  "  head  of  water  "  is  used 
as  a  kind  of  unit  of  measurement,  meaning  the  anmunt  of  water  that 
one  man  can  handle  to  ad\'antage  in  irrigati»ai,  and  may  be  consid- 
ered to  be  from  abrait  1,000  to  l,,"iOO  gall<jns  j>er  minute,  though  it 
is  naturally  a  widely  varying  quantity. 

(Ir'ii/ahij  <{"•  Hortoii  ditch. — (irigsbv  &  Ilorton  own  1-20  acres  of 
land  near  Lakey,  which  is  irrigated  by  water  diverted  from  the 
Frio  through  a  ditch  3  feet  wide  on  the  bottom.  .'>  to  (?  feet  wide  on 
top,  and  2  feet  deep.  The  ditch,  which  Avas  constructed  in  1897.  is 
2  miles  long  and  has  a  gra<le  of  2  inches  in  3(X)  feet.  It  is  said  to  carry 
two  "  heads  of  water,"  and  irrigates  fiO  acres  of  corn  and  fiO  acres 
of  cotton,  each  of  which  received  two  irrigations  in  l!tfl4.  The  flow 
of  the  ditch  is  sufficient  to  irrigate  10  acres  in  twenty-four  hours.     At 
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present  water  is  iisciJ  tmiiulv  in  the  ihivtiiiie.  In  very  lirv  weiitlicr 
the  gi'ound  .shoiihl  Im'  irrigated  every  fifteen  days.  The  soil  is  hhu-k 
Hiiil  waxy,  li  f)'*>l  deep,  witii  chiy  snUsiiil.  Corn  will  yield  ;^0  to  li.'i 
bushels  per  aere  and  eoUon  tliri'e-fnnrths  ti*  I  liale  per  iicre.  The 
owner  figures  thai  Uy  irrigalin;;  day  iind  nij^hl  ihe  amount  of  land 
irrijruted  eoiild  lie  donliled.  \\'ater  is  ihvei'ted  from  the  ereek  liy 
a  lojr,  lirush,  and  gravel  dam.  which  raises  tlie  water  level  I  foot. 
The  furrow  system  (tf  irrigation  is  used,  the  furrows  being  150  t<i 
;iO()  feet  long.  One  head  of  water  is  di\!ded  In'tween  8  to  10  rows, 
and  twenty  niinntes"  How  is  recpiired  to  irrigate  furrows  ;iOO  feet  long. 
The  rows  are  3.5-ft»ot  centers. 

SmJf/i,  Fiittirsaii  d-  Watkins  ditrh. — Neai'  the  town  of  Rio  Krio  a 
diteh,  constructed  by  Smith.  Patterson  &  Watkins  in  18(>7,  iliverts 
water  from  the  Frio  River  for  the  irrigation  of  850  acres  of  land. 
The  dileh  is  .">  feet  wide  at  the  bottisin  and  3  feet  deep,  set  on  a  grade 
of  oiie-si.\teenth  inch  per  rod.  and  deli\ers  between  a.OOO  and  4,000 
gallons  j>er  minute.  Five  hundred  acres  are  planted  in  cotton  and 
irrigated  every  twenty-one  days,  the  yield  Ix'ing  1  bale  to  llie  aciv; 
.■$00"  acres  are  jtlanted  in  ct»rn.  irrigated  every  twenty-one  days,  the 
yield  l>eing  4.")  bushels  \»x  aci^e ;  50  acres  are  planted  in  oats  and 
wheat,  irrigated  every  twenty-one  days.  The  yield  of  oats  is  1")  to 
30  bushels  and  of  witeat  20  bushels  \wr  acre.  A  small  amount  of 
truck  is  also  grown.  The  ditch  is  5  feet  wide  on  the  bottom,  3  fw^t 
deep,  and  S.'i  uules  long,  and  its  capacity  is  said  to  be  3.5  ''  heads." 
which  woidd  mean  that  a  head  in  this  case  is  erpiivalent  to  a  How  of 
1.000  giiilons  per  minute.  One  head  will  irrigate  10  acres  in  twenty- 
four  hours.  Laml.  with  watcr-right,  rents  for  one-third  of  the  crop, 
and  lab(»r  costs  $12  to  $15  ]ier  month  and  Iniard. 

Diteh  water  is  divided  in  proportion  to  the  laml  to  be  irrigated, 
each  field  receiving  water  every  three  weeks,  the  water  running  con- 
tinuously in  the  ditch.  When  the  river  is  at  its  lowe.st  stage  this 
ditch  consumes  all  the  visible  supply,  though  there  is  considei'abic 
more  water  under  the  gravel  bed.  The  full  supply  of  the  ditch  is 
required  for  irrigation.  Land  is  water(>d  by  the  tablet  system,  the 
tablets  being  40  (o  4S  feet  wide  and  the  length  \arying  up  to  1.200 
feet.  The  water  is  run  40  to  TtO  feet  down  the  tablets  fi'oni  each 
opening  made  in  the  supply  ditch. 

W'hei'e  the  Frio  River  emerges  from  the  mountains  the  valley  nar- 
rows to  about  <>00  feet  an<l  on  either  side  for  a  height  of  about  OO  feet 
the  walls  are  solid  rock,  ffirming  apparently  a  gwid  site  f<ir  a  dam. 
.Some  years  ago  there  was  a  |)roject  to  huihi  a  dam  at  this  point  and 
convey  the  water  by  ditch  to  the  plains  near  Uvalde,  but  no  work 
was  ever  actually  undertaken  in  this  direction.  The  area  of  the 
watershed  (if  the  river  up  to  the  dam  site  has  been  estimated  at  750 
.s(juare  miles,  and  the  lun-oir  in  the  mountains  is  undoubtedly  high. 
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Several  iinsiicct^si^ful  nltcnipts  haw  Im'cii  luiidi^  tu  fiml  artesian 
wu(er  im  tlic  line  of  tlic  (Jalvestoii,  Iliirrisbiirji  and  San  Antonio 
Raihviiy  fruiii  FvuUk'  to  Saltimil.  In  a  well  1,M22  feet  det-p  at 
Saliinal  water  i-ises  to  witliiit  SO  feet  of  the  siirfaee.  At  a  ))oint  IH 
tllil^■^  (y  llu'  west  of  Uvalde  a  well  l,r>(M;)  feel  deep  was  sunk,  in  wliii-li 
till'  water  was  .'500  feet  from  tlic  surface.  .Vltlioiijrli  llie  water  dis- 
appeiii-s  in  dry  weather  in  many  of  the  rivi>rs  as  tiiey  emcrjie  fi-oiu  the 
liills,  still  it  foUows  ahjnjr  under  the  river  ehannel  in  inaiiy  (jlaces, 
and  tlie  indications  are  that  large  surface  wells  can  be  obtained  in 
sonic  localities. 

The  oily  waterworks  of  Uvalde  has  a  wcil  from  which  the  supply 
for  (lie  city  is  <lerived  which  is  HM)  feet  (hr[>.  At  a  depth  of  tO 
feet  IheiX'  is  a  stratum  of  gravel  ',]  to  4  feel  thick,  with  clay  below  it. 
This  was  orijfiually  a  dug  well  "JO  feet  sr|narc  ami  to  fed  dee|K  btit 
in  1S!)7  the  water  i^ave  out.  whereupon  three  li-iucli  o|)en-boltom  wells 
were  drilled  in  tlie  botloni  of  the  old  well  HO  feet  deeper.  The  water 
at  jaesi'Ht  rises  to  SS  feet  from  the  surface  and  is  scarcely  lowered  liy 
a  pump  \\  itii  a  capacity  of  l.OOO  <ralloiis  per  minute.  A  direct-acting 
steam  pump  delivei's  the  wntei'  against  a  piessnre  of  4r»  |)onnds,  with 
a  suction  lift  of  (i  feet.  Two  and  one-hitlf  cords  oi  oak  or  plm  ai'e 
consumed  in  eiglit  hours,  with  n  delivery  of  SOO  gallons  p<>r  minute. 

Ike  West  has  dug  a  well  ;VU  feet  deefi  and  ;">  feet  sipiare  ;"»  miles  from 
Uvalde.  Water  stands  4-  feet  dee|)  in  the  well,  which  is  about  400 
yards  from  the  Leona  River.  The  water-benring  stratum  consists 
of  bowlders.  The  surface  soil  is  a  light-red  sandy  loam  t»  feet  deep, 
nnflerlain  by  a  clay  sulwoil,  A  20-horseiM)wer  engine  drives  a  ver- 
tical centrifugal  i>ump  for  lifting  water  fi'oni  the  well. 

Considerabie  irrigation  is  carried  on  lielow  Uvalde  with  water 
taken  fi-om  the  T>'oiui  River.  The  river  is  dammed  in  several  places 
by  menus  of  crib  dams,  which  raise  the  water  to  a  sufficient  height  to 
irrigate  the  land  by  gravity  and  at  the  siune  time  serve  as  storage 
basins  of  .small  ca])acity.  Three  miles  south  of  Uvalde  is  a  roek- 
fiiled  crib  dam  lM4aiigiiig  to  Mr.  Pntlerson,  resting  fvn  a  rock  bottom. 
The  ilani  is  i)  feet  wide  at  the  base,  with  the  tinibei-s  notcheil  and 
bolted  together,  and  sets  into  the  banks  20  feet.  It  is  faced  with  an 
ajjnm  of  I'-iiH'li  [ihink.  which  is  covered  with  dirt  to  aid  in  making  it 
water-tight.  The  dam  is  140  feet  long  with  the  addition  of  the  two  20- 
foot  wings,  and  is  (U  feet  high.  The  cost  of  construction  was  $1,250, 
the  wfirk  being  let  by  contract.  The  limlM'rs  built  for  forining  the 
crib  work  aiv  about  14  inches  in  diameter  on  (he  sundl  end  and  made 
of  oak.  The  dam  has  lasted  two  years  without  accident,  but  so  far 
has  not  passed  through  any  .severo  Hood.  It  backs  the  water  up  2 
miles  in  the  river,  which  has  an  averagi-  width  of  120  feet  and  a 
d.epth  of  4  feet.  The  water  can  Iw  drawn  down  3J  feet.  The  ditch 
30«20— No.  \!yH—iVi 29 
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whicli  li('ii<l.s  iicnr  llic  ihiiii  i;-  (>  fci't  witle  mi  ilic  Imiioni.  li  fi'i>t  on  top. 
and  3  feet  (lei'|).  willi  a  slope  of  2  fwt  lu  ihe  niilf.  Il  is  owned  by  a 
conipuiiy.  the  stuck  iK-inj):  divided  into  six  slmres.  uf  wliii'li  Mr.  Pat- 
terson owns  3J  shares.  Eijfht  liiimhvd  aeres  are  now  nmler  iri-i<ralion 
from  tills  ditrh,  which  delivers  n  flow  of  4.fM)()  pillions  jwr  ininntp. 
Irriiration  is  carried  on  day  and  nifriit:  one  shaiv  in  tlie  diteii 
entitlei!  (lie  JioMer  to  twenty-fours'  flow  of  the  dil<'li  every  si.\  <lays. 
The  irrigators  take  what  water  they  please  and  regulate  the  same 
iiy  a  gate  at  the  head  of  the  diteh,  no  nieasiii-eiiient  of  water  lieing 
taken.  .\  diteh  man  is  employed  whose  duty  it  is  to  keep  the  diteh 
elean  and  in  rejiair.  Mr.  l*atter.son"s  land,  wliicji  is  situated  at  the 
end  of  the  diteh,  i>  miles  from  Fvahh',  in  addition  to  the  diteli  supply 
receives  water  also  from  a  iiiiinpiiig  station  on  the  j-iver  adjoining 
his  farm.  A  .^Odiorsepower  Iwiler  supplie.s  steam  to  a  (liiple.x  steam 
pmn]>  didivering  l.'20n  gallons  p«'r  uiinnte  against  a  lift  of  ±2  feet. 
The  plant  consumes  1]  cords  of  live  oak  or  I'ini  in  twenty-four  hours' 
operation.  The  cost  (tf  tli<'  wood  is  (50  cents  a  cord  delivered  at  the 
])mnp.  As  tlie  wood  comes  off  (lie  land  of  (he  owner,  only  the  cost 
of  cutting  and  hauling  is  included  in  fhes*-  Hgnres.  For  the  past 
two  years  the  pnmp  has  not  lieen  o|>erated.  as  the  diteh  siipplie<l 
snflicient  walei-.  IIowcvi>r.  in  time  of  low  water  the  pmnj)  is  an 
additional  security  against  an  iiisultieient  supply,  the  river  lx>tween 
the  dam  and  the  piini[i  iM'ing  fed  by  a  niiinlKT  of  springs.  Near 
the  pumping  station  is  a  dam  of  natural  rock  which  forms  a  reser- 
voir ]  mile  long  and  T.">  feel  wide.  I.')  feet  deej)  in  places.  Mr.  Patter- 
son irrigates  .WO  acres,  liut  thinks  he  would  he  able  (o  irrigate  twice 
this  acreage  v,'n]\  his  present  water  supply.  Two  hundred  acres  are 
jdanted  in  cotton,  irrigated  four  (o  tive  times  each  s*'ason,  and  i-'tt) 
acres  of  Johnson  gras,s,  irrigated  six  to  eight  times;  70  acre.s  of  corn, 
irrigate)!  four  times.  The  Johnson  grass  is  irrigated  twice  )>er  <'Ut- 
ting,  and  is  nsnally  cut  four  tinics  a  year.  The  cotton  land  formerly 
produced  ]  liaie  per  acre,  but  the  ravages  of  the  boll  wwvil  have  mate- 
rially {'lit  down  thi<  yield.  Johnson  grass  yiidds  1  ton  \ht  acre  jier 
cutting  and  (!ie  corn  '\0  bnsluds.  M'itli  the  full  flow  uf  the  ditch — 
J,(X)0  gallons  |ier  inimite — 40  aeivs  of  land  can  be  ii'rigatcd  in  twenty- 
four  hours. 

Irrigation  throughout  this  district  is  carried  on  by  the  tablet  sys- 
tem. The  tablets  are  'M'l  feet  wide  and  300  feet  long,  and  are  mainly 
irrigated  from  the  small  ditches  running  lengthwise  of  the  tablets, 
tlntngh  occasionally  a  head  di(cii  is  used  for  this  purpose.  Canvas 
dams  are  used  in  the  head  ditches  for  stopjiing  the  flow  of  water. 
One  man  handles  r»Me-(|narler  of  the  full  flow  of  (lie  rjitch.  turning 
(he  .same  into  one  tablet.  The  irrigation  sea.son  lasts  practically  all 
the  year.  T.  E.  Taylor  irrigates  LW  acres  of  corn  and  cotton  from 
the  Patterson  dit<'h.     J.  Tj.  Tvner  irrigates  150  acres  of  corn,  cotton. 
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anil  Jolitison  jini.ss  fruiii  the  sainc  Hourc-e.  .If>hnson  gniss,  ivliicli  for- 
iiiei'ly  .soil!  for  iiil.">  (ht  dm,  now  sells  for  $10  prr  tun  in  I'viiIiU*. 

Below  the  PsUlersoii  [Aavv.  tin-  Lcoiui  River  is  ilainnied  to  su))])Iy 
wuter  to  !i  ditch  ownetl  liy  A.  A.  Keiiey,  B.  F.  Wilson,  anil  L.  11. 
Xorsewtirthy.  Five  hundred  and  lil'leeu  acres  are  at  jiresenl  in  eiilli- 
vation  from  this  ditch.  Tliree  hinnlred  acres  are  owned  by  Mr. 
Kt'lley,  who  is  entitled  to  six-twelfths  of  the  tlow ;  175  acres  by  Mr. 
Wilson,  who  is  entitled  to  five-twelfths,  and  40  acres  by  Mr.  Norse- 
worthy,  who  has  one-twelfth  of  the  flow.  The  ditch  is  said  to  deliver 
four  heads  of  water,  or  about  4.000  jrallons  per  inimite.  One  head 
will  irrijLrate  1  acre  per  hour.  Laiul  in  this  vicinity  sells  for  $.")0  per 
acre,  with  water  riij;hts  included,  and  rents  for  one-third  uf  the  ("rop. 
It  is  to  be  noted  that  the  water  ri<;ht  j^oes  with  the  land. 

The  Kelley  ditch  is  (i  feet  wide  on  the  boltoni.  it  feet  wide  on  lo]), 
and  ;i  feet  deep,  and  the  water  runs  in  the  same  to  a  depth  of  about 
'2  feet.  Tlie  slojie  of  the  ditch  is  IH  inches  per  mile  and  the  leiijith  is 
2  miles  to  the  nearest  farm  which  it  snppltes.  and  i!^  miles  further  to 
the  end  of  the  ditch.  It  was  built  in  1870  an*!  has  been  somewhat 
eidarped  since  tlien.  The  full  (low  of  the  ditch  is  said  to  irri<>;ate  4 
acres  jier  hour. 

J.  C.  Priddy  irrigates  105  acres  by  the  tablet  system,  40  acres  in 
corn,  tiO  in  cotton,  and  •">  in  cane. 

77(c  Leirin  plaiiL — (1.  W.  I^ewis  ii'rigates  2'2(i  acres  of  land  lying  a 
short  distance  south  of  the  end  of  the  Kelley  ditch.  Irrigation  water 
is  pumped  from  the  Ix-ona  River.  an<l  the  supply  |)innped  is  just 
suflicient  to  irrigate  the  land.  A  4r)-horsepowei-  llirollling  engine 
drives  a  10-inch  centrifugal  j)imip  running  'HO  revolutions  per 
minute,  delivering  ii,400  gallons  per  minute  agsiinst  a  lift  of  tiH  feet. 
'IIh-  fuel  roiismiied  is  h  I'ords  of  wood  for  twenty-foui'  hours'  nm,  in 
which  time  10  acres  of  land  can  Ir'  irrigated.  One  hundred  ami 
.seventy  acres  aie  planted  in  cotton,  irrigated  a)>oiit  every  thrct'  weeks; 
50  acres  in  corn,  irrigated  every  thi'w  weelis.  The  tablet  system  of 
irrigation  is  used,  two  men  handling  the  supply  of  water  from  the 
pump.  This  year  the  jiroViable  yield  will  be  at  least  one-half  bale  of 
cotton  to  the  acre.  The  boll  weevil  has  caiiseil  considerable  (rmible  in 
this  vicinity.     The  ci'ttps  received  5  irrigations  in  the  year. 

The  main  ditch  is  (i  feet  wide  on  top  and  IS  inches  deep  and 
V-shaped.  Some  of  the  tablet  dit<'hes  are  as  much  as  200  feet  apart, 
and  one  irrigator  will  turn  one-hiilf  the  supply  of  tile  pump  into  20 
rows,  which  are  about  .")()  feet  long. 

liatixrilli'. — The  Comanche  Ditch  and  Irrigation  Company,  which 
is  about  thirty  years  old,  diverts  water  from  the  I.«ona  River  near 
Batesville  and  irrigates  about  500  aci'^'s  of  corn,  cotton,  oats.  .Folin- 
son  gra.ss.  fruit,  and  truck.  The  ditch  is  about  K  feet  wide  on  top.  '\ 
feet  deep,  and  water  runs  •!  to  2.5  feiet  deep  in  the  .same.     It  is  said 
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to  carry  two  iiciids  of  wiiltT.  One  heml  jmt  iioiir  per  aore  is  allowed 
for  in'igalion.  tlic  irrigation  jioiiud  ivcmriiijjf  every  ten  days.  A 
iIjiih  coiujiKsi'd  i>f  tjriish.  <lirt,  ninl  "ii'sivcl  10  f)-et  liifrli  forms  a  iTs«>r- 
voir  in  (he  rivei'  \k-A  1..">  niiie^:  loiiir.  ^50  fwt 
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with',  ami  1  feel  deep.  Il 
washes  considerably  with  I'very  freshet.  When  tiie  sup[ily  of  water 
fulls  otr.  one  he;id  of  water  is  iiseil  instead  of  two  and  (he  lime  of  us<" 
is  cDi-respondinyiy  cut  down.  When  the  ptnn[)s  farther  n[j  the  river 
are  opiTating  there  is  sonietiini's  not  siiflicient  watei'  for  one  head. 
The  main  idea  of  (lie  (lam  wa>  nr>t  so  much  for  storage  as  to  raise  the 
water  to  a  snllicieiit  level  to  supply  the  tlitch.  iVIlofjelher  abont  *i-IU 
acres  owned  l»y  the  eompaiiy  are  subject  to  irriyalion.  The  tablet 
and  bed  systems  are  used,  the  tablets  beinjr -t.")  to  (>()  feet  wide  and  the 
be<ls  -lit  to  -10  feet  w  ide.  with  a  lenj,'tli  of  IM  to  200  feet.  One  head  of 
water  will  irrigate  a  bed  in  liftwii  minutes. 

In  this  vicinity  there  are  indications  of  good  snrfaw  wells.  At  a 
depth  t)f  ;iO  feel  is  a  water-bearing  gravel  stniUnn  H  feet  in  thickness 
underlaid  with  sand  an*l  gravel  strata.  The  water  .stands  35  to  45 
feet  below  (he  surface  of  (he  groonil. 

Artesian  water  is  found  in  the  southwest  jiart  of  Zavalla  County, 
being  a  continuation  of  the  artesian  belt  near  farrizo  Springs.  Ed 
English  and  H.  H.  Eskins  have  each  two  artesian  wells,  ami  James 
Odin  has  one  in  that  vicinity  nsetl  for  irrigation,  and  thei'e  are  also  a 
few  other  artesian  wells  used  for  stock. 

Arft'MM. — Near  Artesia  ai'tesiati  water  in  small  quantities  has  l)een 
discovered  ami  (here  are  a(  prest'iit  in  this  vicinity  seven  open-bottom 
wells,  5f\-inch  casing,  delivering  a  flow  of  12  to  is  gallons  jier  min- 
ute each.  Thes*'  wells  are  TiOO  feet  deep,  and  an'  located  within 
I..'*  miles  of  (he  railroad  station.  The  artesian  water-bearing  stra- 
tum is  fine  sand.  The  wells  were  put  ilown  by  horsejwwer  machines, 
ami  cost  $1  jH'r  foot  to  complete.  The  total  area  irrigated  is  Tti 
acres,  the  main  cro])s  being  truck  aiul  oni<»ns.  Four  acres  of  onion 
land  gave  a  yield  of  '2Ji  cars.  In  connection  with  ii'i'igntion  there  are 
two  storage  reservoii's  H  feel  deep  and  0.5  and  0.75  acre,  respectively, 
in  area. 

Cntiilla. — The  Nuec(w  River  runs  near  the  town  of  Cotulla  and 
furnishes  water  for  several  irrigation  plants  in  that  vicinity.  The 
surrounding  country  is  very  rolling,  though  m-casiomil  places  are  to 
bi'  found  where  the  land  is  siifliciently  level  for  farming  to  gixMl 
advantage.     However,  nuich  of  the  hilly  land  is  also  farmed. 

The  supply  of  Nueces  liiver  is  variable.  In  limes  of  high  water 
the  tlischarge  is  vi'ry  groat,  while  at  low  water  it  iiractically  disap- 
pears. The  indications  are,  however,  that  theiv  is  a  considerable  sub- 
surface flow  when  water  has  disap]:>ciii'ed  entirely  fnim  the  surface 
ehutniel.  Owing  to  (he  lay  of  the  land  pumping  is  necessary  in 
onler  to  irrigate.     Some  of  the  iwmp  stations  ha\e  been  installed  so 
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How  down  tiiat  lliey  iii-c  <'iitircly  M(lii>uT<rt'<l  iliiriii;.'  tiif^li  wator.  This 
is  a  id'iu-liw  wliirli  cai)  liafdiy  ln'  Inolccil  it|>i»ti  wild  favor. 

Ilaryuit  fthiut. — This  is  S  miles  above  C'niiillii  atul  is  just  hcinir 
iNs(alh'(l.  It  has  a  (iO-lKirscpowcr  hoilci'.  \vi(h  a  40  hoi'scpoWiT  llirol- 
thii«^  I'ligiiif,  wliii'h  is  behcil  (<>  a  No.  t'.  wiitrifiipU  {iiiiiip.  havin<j;  a 
10-irich  suction  ami  lOS-iiirh  dischar'je  pipe  of  a  lolal  ifiifrili  of  CiCiO 
fi'ft.  Tin'  lift  uf  tills  phiiit  is  ;t."»  feet  and  tiic  llow  of  flic  [jiinip  is 
Mi|»pnsi'd  (u  Ix*  '_»,.")()0  ^iiUoiis  per  iiiimiti'.  In  all  prohaliility  the  eco- 
noinii'  lldw  will  not  lie  more  ihaii  one-half  this,  however.  One  hun- 
dn>d  anil  thirty  acres  to  Im'  plimted  in  onions  and  alfalfa  will  he  irri- 
giited.  It  is  liie  intention  (»f  the  owner  to  dam  the  river  in  order  to 
provide  storage  for  a  small  iimoinit  of  water.  The  river  ha-  a  fall  of 
8  inches  pei-  niile.  In  «jetieral  I  he  distimces  by  river  are  about  twice 
as  h>n^  as  by  land. 

('(ilfi)  /'hint. — H.  Caley  irripates  40  acres  situated  near  the  Ilargus 
()laiit.  \  3()-!iursepower  boiler  sn|>]ilies  steam  to  a  liOdiorsepower 
anti>matic  enjrine  di'i\injr  a  No.  .'!  i«Miirifii;jal  ]>uiitp,  delivcrinjr  water 
to  the  Kehl  throufih  a  S.'i-inch  pipe,  the  farthest  point  of  delivery 
iM'injr  t..j()0  feel  from  (he  pump  station.  The  heiirht  of  this  ]j{)int  of 
delivery  above  the  i'i\'er  is  alaail  Aii  feet.  Theiv  are  three  outlet.s  for 
the  water  in  the  pipe  line.  The  (low  of  water  is  S4tid  to  W  'MO  to  r)0() 
jfallons  per  minute,  depending;  upon  wliieh  outlt't  is  o|)en.  Tlie  fuel 
used  is  mesquite.  0.75  cord  Ikmu}!  consumed  in  twelve  houi-s. 

The  river  is  (hnnmed  near  tlu'  farm  by  a  structure  ;5  feel  hifrh  and 
30  feet  long,  composed  of  ItKJse  rock  on  the  lower  side,  while  on  the 
tipper  side  is  a  wooden  apron  covered  with  dirt.  Floods  have  cnnsi'd 
no  Iroidile  with  the  dam,  the  watei-  ])assinjr  ovei'  the  saitu'  without 
damajie.  It  backs  the  water  up  2  mile.s  in  the  river,  foruiinp  a  res- 
ervoir with  an  avera<fe  width  of  .'iri  feet  when  water  is  near  the  top  of 
the  dam.  Before  the  datn  was  put  in  there  was  a  shortajje  of  water, 
but  sinct'  the  installation  of  the  same  no  trouble  has  been  e.Xjxirienfed 
on  this  accoimt. 

Thirteen  acres  were  planted  in  onions  ami  the  remainder  in  can- 
talon  j>es,  tomatoes,  corn,  and  truck.  Wliite  Bermuda  and  Crystal 
Wax  onions  were  sown  aiul  were  sfiaced  :i  to  4  inches  apart  in  rows 
I'j  iiu-hes  apart.  The  crop  was  harvested  April  15  aiul  sold  for  1.5 
cents  per  pound,  yielding  $3.34!). 

The  land  was  irrigate<l  by  the  furrow  system  every  15  (lays  and 
it  ret|nired  twelve  hours  pnm|)ing  lo  irrigate  '2  to  4  acres.  The  fur- 
rows were  <)0  feet  long.  The  season  for  irrig-.iting  tomatcR's  is  Octo- 
lier  1  lo  .Tamuirv. 

Willi  one  irrigation  l.'iri  acres  of  corn  yielded  SO  bushels.  Cttttim 
land  yielded  without  irrigation  1  bale  jier  aciv. 

The  soil  is  a  l)hick  chocolate  sandy  loam  3  feet  deep,  with  clay  >ul)- 
soil.     No  fertilizer  was  used. 
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Ono  to  two  iiiini  iiih'  ivquin-d  to  luuulli-  the  wnti-r.  The  nwiier  cuts 
his  fiifi  nnd  fstiinutt's  it  to  cost  50  cfuls  pi-r  conl.  \\"\t\\  n  larger 
pij)!'  Ill'  liguro.s  that  lie  (.'oiilil  irri;riiti'  ti.")  acres.     TTsiially  thi-  [thiiit 


is  niti   m  tlio  (In 


ly  time  only,  hut  diii'iiijr  tlie  past  season  it  riui 
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nijriits. 

Fuller  phint. — Near  the  f'nlcy  phue  is  that  of  Mr.  Fuller,  compris- 
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acres.  J  lie  ]>uinjnnfz  plant  wuicti  firaws  water  troni  the  same 
storage  consists  of  a  Lr>-hoi's<']K>\\<'r  hoilei-,  wiiicii  sujipliL's  steam  at 
75  pounds  pressure  to  a  No.  7  piilsoifieter,  liftiiijj  water  35  feet  and 
delivcrin<r  400  gallons  j)er  minute  tlirougli  4(p()  feet  of  4.7.">-inch  pipe. 
The  fuel  euiisuuied  is  0.7ri  to  1  eoi'd  ill  twrlvi.'  hours'  run.  Tlie  owner 
of  the  plant  says  he  coiiid  irrigate  with  tlie  How  of  the  pump  30  acres 
without  night  nm.  lie  irrigated  4  acres  of  truck  with  six  hoiiiV  run 
of  the  phmt.  using  the  furr<tw  systeui.  1ml  intends  to  cjiange  (o  the  Ixnl 
.system.  Land  is  irrigaled  every  Hfteeii  days,  receiving  six  to  right 
irrigations  pei'  .-easou.     'i'he  yield  of  1  acre  of  tomatoes  brought  $300. 

A  short  distatu'e  ffoiti  these  phiuts  are  two  farms  iH'hmging  to  .Mr. 
Goldtrap  and  Mr.  (Jates,  respectivelyj  which  olitain  water  by  pump- 
ing from  a  suiall  lake. 

(tohltntp  fiinti. — Thi^  comprises  101  acres  planted  in  corn,  cane, 
cotton,  and  tomatoes  and  irrigate<l  by  the  furrow  system.  The  pump- 
ing plant  consists  of  a  3."J-horsfpowcr  boiler  and  a  3.">-iior-.e|iowcr 
tiiroltle  engine  belled  to  a  centrifugal  [lUmp  d<divei-ing  a  rated  tlow 
of  HOO  gallons  ps'r  minute  through  1,000  feet  of  (>-inch  pipe  against 
a  lift  ()f  40  feel.  The  fuel  consumplion  is  0..")  1o  0.7"i  coi-d  of  wood  per 
day.  To  irrigate  (iic  entii'c  area  would  ret[u)r'e  jjmiLjyiiig  six  days  of 
twclvi'  hours  each  [ler  week,  and  I'cquires  the  services  of  two  men  for 
irrigating  and  one  man  f<u-  operating  the  [>ump  .-tation. 

The  furrow  system  of  irrtgatitm  is  u.'^ed.  the  furrows  being  00  to 
150  feet  long.  Cotton  is  irrigated  every  sixteen  days,  with  about  four 
irrigations  jiei'  season;  coi'n  every  twenty  days,  with  almul  thi'ce  irri- 
gations jier  crop.  C'aiie  received  otu-  iri'igation  ]»er  crop;  Inmatm's 
four  irrigations  per  crop.  Two  ci-ops  of  corn,  cane,  and  tonuitoes  pei- 
year  are  galhered.  Corn  was  pl.inted  in  .lamiarv  and  .Vugn.st;  cane 
in  the  early  s]u-!ng  and  in  June;  tonuitoes  in  .lanuary  and  .Vngust. 

The  size  of  the  lake  wiien  full  has  been  estimated  at  0..^)  mile  long, 
50  yanls  wide,  and  K  feet  dce|i.  The  lake  derives  its  siipj>ly  from  the 
river  which  flows  into  the  lake  when  (Ik-  rivi'r  rises  4  feet.  ICvjtpora- 
tion  aiul  seepage  from  the  lake  is  about  one-eighth  inch  jier  day,  and 
aliout  (he  same  am()unt  of  water  is  taken  out  by  the  pumps  nf  the  two 
plants  drawing  from  the  lake. 

The  flow  of  the  pump  was  tinned  into  four  to  six  rows.  WTiile 
irrigating  the  piinijv  aviTaged  four  day>'  run  per  week. 

A  small  part  of  the  land  was  planted  to  onions,  which  were  space<l 
4  inches  apart  in  rows  12  inches  apart.     They  yielded  15,00tl  pounds 
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per  norf.  and  (lie  cro])  was  all  harvested  by  April  25.  The  onions 
wi-re  irrigatwl  eviu\v  ton  days. 

The  soil  is  deep  and  is  composed  of  a  Vight  waxy  loam. 

O'litc^i  fnrw. — Adjoininfr  the  flolihraii  fann  is  one  of  100  acres 
belonging  to  Mr.  dates.  A  :}()-liorsep«\viT  boiler  supplies  steam  to  a 
30-horsepower  engine  l>elted  to  a  No.  5  centrifngal  pnmp.  delivering 
a  flow  (tf  S.'iO  gallons  jut  iiiitnite  from  the  lake  against  a  verlicul  lift 
of  4*2^t  feet  tlirongli  ."i(X>  feet  of  S-ineh  |)ipe.  The  fnel  consumed  is 
0.75  cord  of  woimI  in  ten  im>u*s.  Tlie  pump  is  oi)erated  about  one- 
<|Marter  uf  the  time  during  the  irrigation  season. 

Eigluy-three  acres  were  plantetl  In  cotton,  re<iuiring  3  to  4  irriga- 
tions per  season,  from  March  1  to  August  1.  The  furrow  .system  was 
usi'd,  tlie  furrows  bi'ing  r»0  to  l(ll>  yards  long  and  4  feet  a])art.  The 
How  is  turned  into  3  to  7  furrows  at  the  same  time  and  it  takes  live 
minutes  for  the  water  to  run  through  the  same.  The  yiehi  was  I 
bale  per  acre.  The  Ik)H  weevil  is  causing  considerable  tronltie  in  this 
section  now. 

Five  acres  of  cane,  2  acres  of  corn,  am)  K)  acres  of  tomatoes  were 
also  irrigated,  the  hitter  refjtdring  irrigation  every  two  weeks  diu'ing 
dry  weather. 

The  level  of  the  lake  does  not  vjiry  unu'li  more  ilian  1  foid  and  tins 
variation  may  lie  exfiected  within  four  months'  time. 

Kfvli  i>l(iiit. — Southeast  of  Cotulla,  a  short  ilistance  from  the  town, 
is  the  25-acrc  farm  of  E.  A.  Kech.  The  pumping  }dant  consists  of 
a  iridiorse])ower  boiler  and  a  ihiidex  pump  delivering  •J.'>n  to  3(X) 
gallons  per  minute  against  a  head  of  3")  feel  through  •J.WMJ  feet  of 
4-inch  jjipe.  Tlu-  plant  c<msume<I  0.75  cord  me.sijnite  in  twelve  horn's. 
The  pnuip  draws  its  supjily  from  a  snudi  reservoir  in  the  river 
formed  by  a  rock  aiul  dirt  dam  which  in  liigh  water  cuts  out  con- 
siderably. 

l^ast  year  15  acres  were  |)]anted  in  oiuons  and  10  acres  in  melons 
ami  corn.  The  latter  were  not  irrigated.  The  oni<«i  land,  after  the 
removal  of  the  crop,  was  jdanted  in  cowpeas  atul  tomatoes,  no  irri- 
gation being  re(|uired  for  the  cowpeas  u])  to  July.  Onions  were  irri- 
gated every  twelve  days  by  the  furrow  system.  Tite  furrows  were 
30  to  40  feel  long,  and  th*'  flow  of  the  |>ump  was  turned  into  three  or 
four  furrows  at  a  time.  One  nuiii  irrigided  :J  acres  of  onions  a  day. 
The  onions  were  planted  ;5  iiiciies  apart  in  lii-inch  rows.  The  yield 
was  20.000  to  ;W,(H)0  pounils  [mm"  acre.  The  crop  was  harve.sted  in 
May. 

Ill  irrigating  f(U'  tomatoes  tlie  entire  flow  was  lurneil  down  one 
furrow,  making  tlie  amouni  considerably  tiM)  great  for  (he  furrow 
and  difficult  to  control. 

Sftfeld  plant. — Adjoining  the  Kech  place  is  the  farm  of  R.  H. 
Seefeld.    A  new  plant  is  being  installed  tt^  })ump  from  the  river  and 
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•  minute  against  a  hi'iul  of  3r>  fet«t.    Tlit;  pump 

(li'livcr  water  into  n  <ralvaiii/.<'i|  nuiDc  liiii'd  willi  4'_*-iiK'h  slieels  Uoiit 
liali'-roimd,  tiiis  form  of  coiislriuliod  Iifiiijj  iisi'd  siiu-c  it  is  cheaijer 
than  pijie  and  avoids  the  loss  in  liwul  wliirli  iHviirs  in  punii)injr 
throiifrli  a  small  i>ipi'.  Ilu'  fliiiiic  has  a  sh)[M'  of  IS  inches  in  (>!>."»  fi-t't. 
Last  year  a  15-hui-sepu\vor  IxiikT  was  usoil  to  sii|j]jly  steam  to  a  direct- 
acting  |)inup  delivering  300  gallons  per  minute  against  a  head  of 
:i<)  feet  and  foi'cing  tile  water  throngli  TOO  feel  of  4.-jr»-ineli  jiipe. 
One  eord  of  wood  was  eonsumetl  in  twelve  hours'  operati<jn  of  the 
|)lant  during  which  time  3.5  acres  of  onions  could  he  irrigat<-d.  Worn! 
costs  $1.50  |)er  eonl.  The  wages  t»f  a  man  for  ojieration  of  plant  were 
S.'i  cents  per  day.    The  cost  of  operating  plant  was  ^'2.2i)  per  day. 

Onions  were  spaced  S.S  inches  apart  in  12-inch  rows  and  irrigated 
hy  the  furrow  system,  the  furrows  being  30  (o  aO  feet  long.  The  yield 
was  liO.OOO  pounds  jK-r  acre.  Xo  fertilizer  except  covvpeas  was 
employed. 


Km.  (14. — I'laii  lit  Tu.vlnr  dnm.  Nuimcb  Ulvcr.  'IVxa«. 
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Taijhir  pliiiit. — About  3u  miles  from  C'otulla.  on  the  road  to  Carrizo 
Springs,  is  an  irrigation  plant  engineei-ed  fiy  .1.  S.  Taylor.  The  farm 
is  situated  on  the  northeast  bank  of  the  N'neees  River,  which  is 
danmied  by  a  rock-tilled  timln-r  crib  structure  (see  PI.  VII  and  ?iff. 
i'A)  500  feet  long  over  all  and  110  f«t  wide  at  the  base.  The  maxi- 
mum height  al  the  spillway  is  3'2  feel,  the  wings  being  built  up  10 
feet  higher  than  the  rest  of  the  structure.  The  dam  rests  on  a  clay 
foundation  and  is  built  up  with  timber  cribs  12  fwt  s<]uare  coni|)osed 
of  rough  logs  spiked  together  witli  J-inch  square  spikes.  The  spill- 
way, which  is  in  the  center  of  the  dam,  is  40  feet  wide,  and  is  Imilt 
of  rough  logs  spiked  in  place  and  held  down  also  by  rock,  cftnstructed 
in  such  a  manner  as  to  let  the  water  down  in  a  series  of  drfips  of  2  to 
R  feet  each,  in  a  horizontal  distance  of  40  feet.  The  dam  is  back- 
filled with  rock  covered  with  dirt  with  a  crest  of  15  feet  and  a  slope 
of  1  in  2.  Six  feet  below  the  spillway  is  the  top  of  the  wastepipe,  3 
feet  in  diameter,  provided  with  a  gate  valve.  The  dam  backs  the 
water  10  miles  up  the  river  with  a  storage  area  estimated  by  Mr. 
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Taylor  at  ir>  miles  kmjr.  avi'nipt'  width  of  175  fwt,  iiiul  avonipc  depth 
(if  1;")  feet.  .5  miles  of  a  brunch  of  the  river  Injiiig  iiicliided  in  this 
e-stimate. 

The  jilaiit  serves  nt  present  for  ihe  irrifriitioii  of  1T">  acres,  of  which 
100  can  he  irrigated  hy  gnivity  and  7.>  acres  by  punipiiig.  The 
gravity  canal  is  !)  feet  wide  on  top  iind  l\  feet  deep  near  the  head,  and 
H  feet  wide  on  top.  '^  feet  on  the  bottom,  and  \S>  fiH-t  dee])  near  the 
end  (tf  the  canal,  which  is  l.a  miles  U»\}r.  'fhe  yrade  is  1.")  feet  i)er 
mile.  A  heavy  cut  was  made  where  the  canal  heads  near  the  dam  and 
water  can  l>e  drawn  off  by  <jriivity  not  more  than  '2J>  feet  below  (lie 
lop  of  the  Jiim :  tberi'fore  the  gruvity  system  can  be  used  for  the 
most  part  only  when  there  is  a  How  in  the  river,  and  can  make  little 
use  of  the  stored  water.  'I'he  canal  is  provided  with  a  wooden  head 
pUe  10  feet  wide  and  (i  feet  hijfh. 

A  No.  5  ceiilrifntral  pnmp  driven  by  an  is-horsepower  enjjine  is 
used  to  lift  water  I'J  feet  ahov(>  the  level  of  the  (op  of  tiie  spillway 
and  delivers  a  How  of  l.-JOO  <rai!ons  per  minute.  The  How  of  the 
pump  was  used  to  irrigate  onions,  corn,  and  eane.  Tiie  furrow 
system  was  employed.  The  furrows  for  onions  were  18  inches 
apart  and  100  feet  long.  Onions  were  s|)aced  4  inches  apart  in  18- 
inch  rows.  The  land  was  plowed  and  cultivated  by  the  use  of  horses, 
the  s[)acing  being  sufficiently  wide  to  permit  of  this.  The  land  was 
irrigated  every  eight  to  ten  days  and  re<piired  four  hours'  run  of  the 
]>um]i  to  irrigate  an  acre.  In  irrigating,  (he  How  of  the  ])uni])  was 
turned  into  '20  rows  at  a  time. 

Onions  were  harvested  May  1  ami  the  yield  was  11.000  to  ll'i.OOO 
jiounds  per  acre.     No  fertilizer  was  ust'd. 

The  dam  as  originally  cons(ructed  was  built  with  insufficient 
wings,  which  resulted  in  its  washing  out  arotmd  the  ends.  The  cost 
of  the  |>resei(t  dam  anil  camil  was  $35,0(Kt. 

Irrigable  land  in  the  vicinity  which  originally  sold  for  $1..'>0  per 
acre  now  brings  $10  to  $15  per  acre. 

At  the  time  of  the  writer's  visit,  alxuit  the  middle  of  July,  1904, 
no  water  was  flowing  over  the  spillway  of  the  dam. 

« 

LAKES    NE.\R    CARHI/A)   8PR1N08. 


Nejir  Carrizo  Springs  is  a  chain  of  seven  lakes  which  receive  their 
water  partially  from  the  drainage  of  the  surrounding  land  and  par- 
tially from  the  river  when  water  is  sufficiently  high.  In  fact,  they 
alford  additional  channels  through  which  (he  river  water  may  flow 
in  times  of  Hood.  The  drainage  area  from  which  it  is  estinuited  (hat 
the.se  lakes  are  fed  is  100  by  2^  miles.  The  overflow  from  the  lakes 
runs  into  the  river  farther  down.     The  following  estimates  have  been 
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iiKulc  1)V  tliosp  familiar  with  tlie  cmuitry  as  to  tin-  ))ri>l<nble  size  of 
tlii!.se  lakes: 

Cafiacily  of  lakes  near  Carrizo  Springt. 
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Near  the  center  C'aymaiiche  Lake  i.s  about  200  yards  in  width.  The 
^roiinil  iRMi"  the  lake  is  siiliject  to  HihhI  in  hi<i;h-wuter  pcrinils.  It  is 
coinposi'd  of  an  exceedingly  ridi  black  li»aiu  and  i.s  called  locally 
of  a  "  bayonky "  nature.  Goinjr  from  the  lake  the  js^onnd  rises 
s^nidunlly  at  (iisl  about  ;>  feet  in  .'iOO  yards,  and  then  is  fairly  level 
foi-  a  distance  of  about  oue-balf  mile  or  more.  At  the  end  of  this 
stretch  the  ris*;  is  much  more  rapid.  The  land  near  the  lake  is  cov- 
en-il  with  a  fairly  hciivy  prowtli  of  tinilxn-.  mainly  oak  auil  mesquite. 
The  average  wi<hh  of  the  "  bayouky  "  country  is  between  one-half 
and  three-fourtlis  mile,  widening  out  toward  the  outlet  of  the  lake. 

There  have  becni  several  plans  for  utilizing  the  water  of  these  lakes 
for  irrigation,  but  as  yet  no  actual  steps  have  been  taken  in  the 
matter.  The  land  lying  near  Rocky  Ijake  has  l>een  bought  with  the 
idea  of  utilizing  it  fur  the  growing  of  rice.  Mr.  .1.  S.  Taylor 
had  made  [jjaiis  for  the  erection  of  a  dam  across  Caymanche  Lake 
l.Tii  mile.s  long  and  25  feet  high,  which  he  states  would  give  a  storage 
capacity  of  12  by  3  miles,  15  feet  deep. 


r 


CARRI7X3    SPRINGS. 

Witii  the  exception  of  the  irrigation  from  the  Taylor  dam.  all 
irrigation  around  Cai-ri/.o  Springs  is  currieil  on  by  means  of  water 
obtained  from  artesian  wells.  The  proven  artesian  liebl  in  this 
vicinity  is  about  8  miles  in  width,  running  16  miles  southeast  and 
an  e([ual  distance  northwest  of  Carrizo  Springs.  The  southwest  line 
of  the  belt  jias.ses  ap])roximalely  through  Carrizo  Springs  itself. 
The  artesian  strata  evidently  slope  more  rapidly  than  the  ground 
tttward  (he  southeast,  as  is  the  general  rule  in  all  this  part  of  Texas, 
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tho  result  hointr  ihnt  tlio  iirtosian  Wflls  to  tin'  soiillii'ast  ait!  Iitr^iT  inul 
tloojK'r  lliiin  thus*'  in  tlio  itppositi'  cliivclion.  since  tlio  stati<'  pressure 
iiliKvc  ilif  i^nmiid  is  greater,  the  fji'iRTiil  slope  of  the  grouiiil  twing 
t(i\V!ir<l  the  stmilieast. 

The  iliseovery  of  art(>sijiii  \va(ep  lias  niatle  >rre;it  incresises  in  land 
values  near  Carrizo  Springs.  Lack  of  pro|>ei*  transportation  faeili- 
ties,  liowever,  is  hampering  al  [)resent  the  developnienl  of  (his  region. 
A  ruilroad  line  to  either  Kagh-  Pass  nr  C'otnlhi.  the  nearest  raili-oad 
stations,  wt»nld  he  of  the  greatest  assislaiiee  l<i  the  fiinners.  | 

The  f<irniati()n  of  eartli  nsuaily  eni'Diintercd  in  ilrilling  artesian 
wells  north  and  east  of  Carrizo  Springs  is  as  follows: 

SmII.  1  to  in  feet  thick.  I 

(  lay,  2  to  ](>  fpct  ttilck.  I 

Iliinliiaii.  fl  to  -Jd  foet  thick.  I 

SiMiil  roek  (water  cjues  not  rise  fi'mn  this,  liowever).  10  to  20  feet  thick.  I 

IliinliiMii  or  Nim|isti»nc,  '2ri  to  7."i  f(H't  tlilek. 
SiiiKl  reek  (\vat<'r  risen  fnmi  tills  Hi  ret't>.  .S  to  It)  feet  tlilek. 
ThiH  In  fiiilowed  liy  layers  <>f  soniistuat'  iiiii]  lairdimii,  below  wlilili  is  "JU  to  'M 
feet  of  siiihI  rock,  tlie  depth  of  this  varyliiK  fi'oai  IT'i  to  ;V)0  fe<'t  lielow  the 
gronml.     This  is  followed  ii^raiii  t)y  soHpstotie.  Iinnlpiin.  ami  Init  feet  of  water 
rook,  the  latter  iielii«  fniind  at  deptlis  of  :;oo  in  iMiit  feet. 

Little  farm. — Ahoiit  10  miles  from  Carrizo  Springs,  in  the  direc- 
tion of  C'otuUa.  is  the  farm  of  Mr.  Little.  Water  is  sup[)lietl  hy  an 
artesian  well  <iOf)  feet  deep,  A.U  inehes  at  the  liottom  ami  '>},  inches  at 
the  top.  The  flow  is  said  lo  he  "JIW  gnllons  per  minute.  Last  year 
'23.ri  acres  were  irrigated.  Th<ingh  it  was  a  dry  season.  |)art  of  the 
well  .supply  ran  to  waste. 

A  i-eservoir  40  liy  100  yards  nt  the  hottom,  with  side  slopes  of  1  to 
1.5,  is  heing  constructed.  The  top  of  the  hanUs  will  he  li  feet  ahuve 
the  ground,  and  the  crown  will  he  ."»  feet  wide.  The  owners  of  the 
jilace  are  Iniilding  the  reservoir  themselves,  at  a  cost  of  hImhiI  0  eent.s 
per  yar<l  of  dirt.  The  hanks  of  the  reservoir  are  united  to  the  suhsoil 
of  clay,  the  surface  soil  Ix-ing  rem<)ved. 

Last  year  onions  were  grown  on  Id.rt  acres  on  which  no  fertilizer 
was  used.  The  onions  were  irrigated  every  eight  days.  The  crop 
was  harvested  Ajiril  I'J,  producing  l;.").UO0  pounds  of  while  ISerimida 
onions  per  acre.  They  were  spaced  4  inches  apart,  with  a  furrow 
between  every  olher  row  of  onitnis.  The  furrows  were  •!  feet  J  inches 
apart.     Four  inches  was  found  tu  Ix'  loif  close  t(t  [)lanl  onions. 

The  land  is  owned  by  T.  M.  lierrv  and  F.  M.  Shaw,  who  t<H)k  charge 
of  the  place  al  tlie  expiration  of  (lie  Little  lease  tluring  the  siinuner. 
The  owners  will  ln'  aide  with  the  aid  of  the  ri'servoir  tu  irrigate  iiO 
acres  to  Ix"  planted  in  alfalfa,  corn,  and  onions.  Corn  was  planted 
July  -25. 

Uiif/hes  fnrr/i. — N<'ar  the  Berry-Shaw  place  is  the  Hughes  farm, 
irrigated  from  an  artesian  well  040  feet  deep,  cased  with  5i\-inch 
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casing  for  48  feet.  TFie  fii-st  flow  was  in  sund  rock  at  <^'>0  feet.  The 
w«'il  is  in  llic  center  <if  u  rcclunirolar  rcscrvuii-  i;JO  by  40  fei-i.  It 
ttikcs  (lie  well  ti'ii  lioiirs  to  till  tliis  reservoir  '.\  feet.  This  woul<l  mean 
n  How  of  l!t-J  jLialNjiis  per  itiiinite.  Tlie  jdanl  irrigatcil  ."»0  mvf>  of 
onions  imhI  corn,  tlie  water  ^np|>ly  l>eiiin;  ju^t  snilicieni  lo  irrigate 
every  twelve  (hiys  liy  the  fniTow  system.  Thirty-hve  acres  were 
planleil  in  ouion>  and  l.">  acres  in  corn,  the  latter  lu-iiifr  |>lant(*(I  in 
Marcli  anil  Ajjril.  Willi  the  aid  of  the  reservoir  -1  acri-s  per  (hiy 
wi'rc  watered,  t'oi'n  was  irrigated  every  hfteen  tlays  in  t\vy  wealliei'. 
One  man  loitked  after  the  irrigatit)n. 

The  (tnions  wcim-  spaced  ;i  liy  IS  inehi's.  They  matured  May  1.  and 
the  yiehl  was  ICi.tKMt  [lonnds  of  red  and  white  IJi'rmudas  per  »ifi\ 
which  sold  for  1.7.">  cent^  jH'r  ))oimd.  'l'l•an^pianting  the  oniiai-^  look 
18  men  thirty  days  and  harvesting  re<|i:ired  llic  same  aniomit  of  lahor. 
No  fertilizer  wa.s  ua-d  on  (he  land. 

The  rows  were  l.'iO  feel  long,  and  the  water  was  turned  into  10  to 
lij  rows,  the  lime  re(|nired  for  the  water  to  tlow  through  the  i-ow.s 
Ix'ing  Hve  to  ten  mimites. 

The  cost  of  ])utting  down  the  well  was  $1  |>er  foot  for  the  fir>l  I()0 
feet  and  'Ah  cents  additional  [ler  foot  for  each  succeeding  100  feet, 
without  casing. 

Kitnllty  pint)'. — A  ^hort  <lislance  from  the  Hughes  farm  is  that  of 
Mr.  Eardley.  irrigated  hy  water  from  an  artesian  well  Ti'O  feet  dce(). 
The  well  started  VI  incites  and  finished  10  inches  in  diameter.  It  is 
shni  otT  liy  a  valve  when  water  is  not  desired.  This  well  is  hy  far 
the  largest  in  this  part  of  the  country  and  is  said  to  lieliver  a  How  of 
1,400  gallons  jier  minute.  It  pas.scs  through  three  rock  strata  and  is 
casi'd  to  the  first  stratum  only  with  10-inch  casing.  The  How  of  the 
well  is  used  to  irrigate  CO  acres,  'iO  acres  U>ing  in  corn,  jdanted  April 
1;  5  acres  in  onions,  and  Jj  acre,s  in  truck.  Corn  was  irrigated  twice 
in  the  season  and  onions  once  a  week.  Only  one-third  of  the  How  of 
the  well,  it  is  estimated,  was  iist'd  to  irrigate  .^  aci-es  of  onions  a  day, 
refpiiring  two  or  tliree  irrigators.  The  onions  wen>  planted  4  inches 
apart  in  rows  18  inches  on  centers.  The  rows  wcr<'  ii'J5  feel  long,  the 
lantl  being  very  level.  The  main  ditch  is  4  feet  wide  and  IS  inches 
deep.  No  fertilizer  was  used  on  the  land.  The  yield  of  onions  was 
19.(K>0  ])ounils  per  acre  and  of  corn  '?a  bushels  per  acre.  Xo  reservoir 
was  us«>d  in  connection  with  the  well,  which  should  Ix'  capable  of 
irrigating  a  tract  much  larger  than  the  area  at  present  watered. 

I'offi'rxoti  f/ifni. — Mr.  Patterson  owns  43  acres  of  irrigated  land 
near  the  Eardley  place.  The  water  supply  is  obtained  from  two 
artesian  wells,  one  of  which  is  tiOO  feet  deep,  with  55-inch  casing,  and 
rhe  other  Wt'2  feet  deep,  8  inches  in  diameter.  .Vn  artesian  water 
stratum  is  found  at  240  feet,  and  a  second  one  at  ."iOO  feet.  The  first 
well  is  cased  for  *M  feet  down  and  cost  $1  per  foot.     The  8-inch  well 
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is  witliuiit  fusing.  Kiii-li  well  tUiws  V20  fjalloiis  [mt  niiiiutc  ami  dis- 
charges diivet  uii  tlu'  grumul,  no  ivsorvoir  \muff  iist'd.  The  pressure 
(if  llio  vvi'lls  WHS  I'stiiiuitcd  Ut  1h>  40  feet  ahovo  the  gniiind  without 
(low.  The  st'cond  well  irrigiited  SO  iicres  of  eoni,  whieh  was  esti- 
mated by  the  owner  to  be  its  miixininm  capiieity.  Tin;  total  irrigated 
area  under  l)oth  wells  ineluded  12  acres  onions,  26  acres  corn,  and  5 
acre.s  truck.  Of  the  '2(>  acres  in  corn.  '\  were  put  in  June  corn,  and 
yiehled  JO  Imsliels  jjer  acre.  The  remainder  of  the  corn  was  planted 
in  the  spring. 

Onions  yielded  i;5.0(H)  pounds  per  acre.  They  were  s]iacetl  ."«  inches 
.ipart  in  18-inch  rows.  The  onion  furrows  were  I'M)  feet  long,  and 
the  How  of  one  well  was  divided  between  12  furrows  at  a  time. 
Onions  were  irrigated  three  to  six  times,  while  corn  was  irrigated 
twice.  The  lanil  was  cultivated  after  each  irrigation,  The  first 
onion.s,  which  were  shipped  Aj>ril  10,  brought  2  cents  per  jxiund  in 
the  iield.  The  cost  of  hauling  onions  from  Carrizo  Sjtrings  t<j  C'o- 
tulla.  the  nearest  railroad  puiiil,  is  apjiro.xiniately  one-half  cent  per 
pound. 

The  corn  furrows  were  4tMJ  feet  long,  and  it  look  ifie  water  six 
hours  to  flow  through  them.  \U  furrows  were  nearly  level,  and  one 
well  could  irrigate  an  acre  in  twelve  hours. 

The  soil  is  black  waxy  and  black  sandy  about  18  inches  ileep.  with 
u  substratum  of  clay. 

Shoir  farm. — F.  M.  Shaw  has  ^i^  acres  of  irrigated  land  supjdied 
•with  water  fi*om  a  .'ig-iuch  well  .'iSO  feet  dee|i.  cased  I'lO  feel.  Water 
is  found  in  sand  rock,  and  will  rise  without  flow  at  least  20  feet  above 
the.gr()und.  The  output  »>f  this  well  is  said  to  be  150  gallons  per 
minute.  In  c<uinection  with  the  well  is  u  reservoir  ITS  feet  inside  tt)p 
diameter,  with  a  side  slope  of  1  to  1.5.  The  haidts  are  clay  7  ftvt 
high  and  n  feet  wide  on  top.  The  reservoir  cost  10  cents  a  cubic 
yard  for  material  luindled.  It  takes  six  days  to  fill  the  reservfur 
within  r>  inches  of  the  lof).  In  a  dry  year  Mr.  Siiaw  figures  that  he 
could  irrigate  'M)  acres.     The  crops  grown  were  as  follows: 

Seventeen  nere«  of  nvrn.  jilaiitfil  in  Mnreti. 

Twelve  iicres  of  iilfalfii  .vfeUleil  s  erops  of  1  ton  eiicli  |)er  acre,  Irrlgnted  by 
HfMiilliij;  lifter  I'lidi  i-uttliit;. 

Si.x  iieres  <if  onions  ylelJwl  "JliCHM)  pounils  per  iiere. 

Tlie  onions  were  spaced  4  inches  apart  in  rows  12  inches  apart. 
They  were  shi|i])ed  the  last  of  April  and  May.  Onions  and  corn  were 
irrigated  by  the  furrow  system.  With  the  reservoir  full  ami  the  addi- 
tional tlow  of  the  well,  20  acres  can  be  irrigated  in  two  days,  two  men 
iK'ing  needed  to  hantlle  the  water. 

MiDiiiiiif  d-  .V>('(ilt/i  fiinii. — This  farm  consists  of  100  acres,  irri- 
gated with  the  How  of  three  wells.  Two  of  the  wells  discharge  into 
a  reservoir  120  by  420  feet  top  inside  measurements  and  8  feet  deep. 
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Thf  rcs('rv»jir  lills  with  the  discliargc  of  tl>er«  two  wells  at  the  rate  of 
1  iiifh  in  two  hours.  Allowiiijf  for  the  sktpe  of  the  bunks  of  1  on  1.5 
wonlfl,  liowevcr,  iiuiUc  (lie  loliil  niitpiit  uf  lliese  two  wells  ■2'.W  {j;iillous 
per  luinutc.  The  third  well  will  deliver  idwiiit  lUO  gallons  per  niiniite. 
and  its  reservoir  is  1'20  l»y  lilO  feet  at  the  top  on  the  inside.  TJie 
re: crvoirs  were  hiiilt  l)y  the  owners  of  the  land.  In  order  to  niaki-  the 
hanks  eoni[)aet.  teams  with  scrapers  were  driven  anmnd  the  reservoir 
on  the  eiidninkiuent.  The  cost  was  estimated  at  H  eents  [K*r  yard  of 
material  handleil. 

The  wells  are  aUont  400  feel  deep  and  (1  inehes  in  diameter.  The 
first  well  mentioned  is  eased  S(>  feet,  and  the  last  two  only  '20  feet. 

One  <if  the  dilehes  leadinp  from  the  reservoir  is  made  on  top  of  a 
fill  and  is  line<l  witli  3  inehes  of  ehiy,  which  was  applie<l  in  the  fol- 
lovvinj:  maimer:  The  diteh  is  2  feet  wide  on  l()p  and  S  inches  deep, 
em'ved  in  section.  After  (ho  earth  hud  seltled  the  M'clion  was  made 
uniform  l>y  drafjginjj:  a  hoard  of  the  desired  cross-section  along  the 
diteh.  After  this  had  been  done  the  clay  was  hauled  to  the  head  of 
the  ditch  and  nii.xed  into  a  mortar,  which  was  run  down  the  ditch  l)y 
the  aid  of  water,  another  wooflen  templet  being  used  to  give  the  clay 
the  proper  shape.  Two  scrajiers  and  four  men  t'oidd  line  1.200  feet 
of  ditch  in  three  days.  In  applying  the  clay  mortar  it  can  be  run  up 
the  ditch  in  the  manner  outlined  to  good  advantage  for  a  distance  of 
100  yards.  In  order'  to  keep  the  clay  from  cracking  a  small  supply 
of  water  is  usually  kept  in  the  ditch.  The  diteh  was  given  a  fall  of 
1  inch  in  M  feet.  The  method  utilized  of  setting  the  ditch  on  jo-oper 
grade  was  by  means  of  a  plumlj  bob  attached  to  a  T  board,  ^^'hen 
the  jdumb  line  was  a  given  distance  otT  center,  the  ditch  was  at  proixr 
gradi!. 

The  irrigated  laud  was  planted  "25  acres  in  onions,  25  aci*es  in  corn, 
5  acres  in  sorghum,  and  45  acres  in  truck.  Eight  acres  of  the  onion 
land  were  subsequently  planted  to  corn  and  t<Mnatoes.  The  onions 
yielded  •J2,0()(l  poimds  jter  acre.  No  ferliliz<'r  was  used  last  year,  l)nt 
this  year  the  owners  will  use  artificial  fertilizer  ratiier  than  manure, 
on  account  of  tlie  danger  of  Bermuda  grass,  which  has  l)een  a  source 
of  great  aiuioyaiiec  (o  fai'iners.  .Some  of  tiie  onions,  which  were 
shipped  as  early  as  March  26,  brought  5i  cents  per  pound.  These 
were  planted  in  September  and  trans])lanted  NovenilM-r  I.  They 
were  planted  (>  itiches  ajiarl  in  rows  S)  inches  ajiarl.  the  furrow?.  Iieing 
3  feet  apart.  This  made  n  furrow  every  3  rows  of  onions.  This 
year,  however,  the  furrows  will  \k'  ('<  fei>t  apart  ami  the  onions  4.5 
inches  apart,  in  rows  i»  inches  apart,  there  being  accordingly  one 
furrow  for  every  5  rows  of  onions.  The  owners  are  convinced  that 
owing  to  the  nature  of  (he  grouiul  this  system  of  irrigation  will  l)e 
perfectly  satisfactory  and  that  the  oni«nis  will  all  receive  sufficient 
water.    This  allows  for  closer  planting  than  is  customary. 
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Sorghum  luul  I'orn  wfiv  irrigattnl  evorv  foiirtei'ii  days,  truck  every 
eight  (Jny.s.  FmTi>\vs  un^  'iOO  to  400  ftt't  long.  I)iit  tlie  former  :ire 
fdiisidi'i'i'd  [ircfcfaldr.  It  (jik«'>  llic  wiitiT  iilxiiit  thirty  iiiiiiiiti"s  to 
run  throiigli  the  furrows,  and  I'J  to  15  furrows  arc  irrigated  iit  a  time. 
Part  of  the  huid  which  is  hilly  will  Ix'  leveled  otf  in  order  to  put  it  iii 
Ix'ttei'  shii|M'  foi'  itrigat!<m.  This  is  a  plan  which  might  be  followed 
elsewhere  to  good  luh'antagi'. 

Tlie  owners  estimate  that  the  flow  of  the  wells,  with  (he  reservoirs, 
will  irrigate  'JCIO  acres. 

Moore  place. — Mr.  Moure  has  put  down  an  S-inch  well  -l(X)  feet 
deep,  cased  100  feet.  At  IT'i  feet  a  weak  artesian  How  was  struck 
which  increased  soinewliat  at  'l\7^  feet.  At  'M^  feet  it  re<'eived  a 
considerahle  increase.     This  water  will  1k'  used  in  irrigation. 

Arnold  farm. — This  farm  has  an  8-inch  well  480  feet  deep  deliver- 
ing a  measured  flow  of  40  gallons  per  minute.  Seven  acres  of  corn 
were  irrigated  from  the  well,  water  lieing  applied  every  eight  days. 
Tlie  How  of  the  well  will  irrigate  2  acres  of  new-plowed  land  in  four 
twenty-four  hour  days  and  in  the  same  tim<'  a  acivs  of  ohl  land,  the 
respective  irrigation  depths  in  inches  hcing  1.7  and  4.:i.  The  furrows 
are  400  ftH?t  long  and  it  takes  the  water  six  hours  t<i  run  through  them. 

The  discharge  pipe  from  tlie  well  stands  :i  feet  alxne  the  ground. 
tlius  forcing  the  well  to  work  against  neeilless  additional  head.  The 
well  is  provided  with  a  throttle  valve  and  when  this  valve  is  chised 
water  is  forct'd  up  around  ihe  outside  of  the  casing.  This  .shows 
clearly  the  point  previously  mentioned  in  the  chapter  on  wells — the 
pos.sihility  of  considerahle  loss  of  water  by  oiK'uing  a  path  of  com- 
munication lietwiH-n  artesian  strata  anrl  other  jiervious  strata. 

Sliipp  fanti. — Near  the  .Vrnold  jilace  ().  K.  Ship])  has  aTi  irri- 
gated tract  supplied  with  water  from  two  artesian  wells,  one  of  which 
is  'M\h  feet  deej)  with  .">">  feet  of  45-inch  casing,  and  the  other  417  feet 
deep  with  (i'l  feet  of  O-inch  casing.  T!h'  owner  estimates  that  the 
two  wells  can  iri'igate  30  acres  without  resi'rvrtir;  with  reservoir,  a 
larger  area.  He  thinks  that  there  is  a  con.sidcrahle  loss  of  water 
from  the  wells,  due  to  their  In-ing  impro|H>rly  cased.  \\'ater  will  rise 
without  (low  Ifi  to  '20  feet  aUive  the  ground.  The  first  well  has  a  How 
of  15  gallons  per  minute  and  the  second  2.'>  gallons  |)er  minute. 

Tlu'  laud  is  irrigated  l>v  the  furrow  system,  the  furrows  iH'ing 
300  to  r>0()  feet  haig.  It  takes  two  to  six  hours  to  run  the  water 
through  till'  furrows.  Corn  is  irrigated  twice  a  season,  onions  every 
ten  days,  truck  every  week,  and  sorghum  an<l  grapes  every  two 
weeks.  Corn  not  irrigated  yielded  30  to  3o  h\ishels  per  acre,  while 
irrigated  corn  yielded  40  bushels.  The  two  wells  will  irrigate  abmt 
2  acres  jH'r  <lay.  The  soil  is  of  a  black  santly  nature,  18  inches  to  r> 
feet  detp,  with  a  clay  subsoil. 
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liirfiaiyhon  ranch. — Tlu*  largest  ranch  in  the  vicinity  of  Carrizo 
Spriiips  lielongs  lo  Ashcr  Richardson  and  contains  550  acres  of  irri- 
pahlc  huid.  idthoii<i:h  nt  pn'st'iit  only  IHO  acn-s  Imvc  Iwi'n  irrifrtited. 
Water  i.s  fiirnislicii  fiotn  two  widls  (i.^O  fui-t  ik-ej)  casoiJ  down  DO  feet. 
One  well  is  G-inch  and  tin-  (illier  lL'-in<'h.  Water  rises  witliuut  flow 
ill  t!ics<>  wells  75  to  SO  feiM.  A  rirculiir  resi'rvoir  R  feet  hifjli  mid 
e.overiiifi  7  acres  is  in  course  of  const nicl ion.  Tlie  l)ase  of  the  IkiiiI; 
is  50  feet  wide  and  the  crown  8  feet  wide.  The  reservoir  will  have 
n  (l-fdot  day  core. 

The  lw<»  wells  are  lUO  yards  apart,  and  tlie  st^cond  well  did  not 
affect  the  flow  of  the  first.  Artasian  water  was  found  at  S90  feet  and 
050  feel  in  white  sandstone.  The  oii(|)iil  of  th(>  C.-inch  well  is  "234 
gallons  ])er  minute  and  the  conihined  output  of  the  two  wells,  as 
niea.sured  after  the  water  from  the  fi-inch  well  had  gone  through  100 
yards  of  ditch,  was  5'20  gallons  per  minute.  These  outputs  are  by 
weir  nieasiireiiients  made  hy  the  writer. 

The  land  irrigated  includes  100  acres  of  I'oni  ])hitited  in  Kehruary. 
receiving  one  irrigation;  •1()(\  acres  of  cotton,  one  irrigation;  75  acres 

of  harley  and  oats,  two  irrigations 
a  season;  25  acres  of  tnick,  irri- 
gated every  ten  days.  Having  no 
reservoir,  the  land  is  irrigated  day 
and  night,  and  it  rcijiiires  seven 
days  f()r  the  flow  of  the  two  wells 
to  irrigate  lOO  acres  of  corn. 

The  furrows  are  150  to  1,3.50  feet 
long,  the  average  heing  300  feet. 
The  flow  of  the  two  wells  was  di- 
vided lietween  15  rows  and  took  an  hour  to  go  through  furrows  300 
yards  long.  The  rows  were  3.5  feet  apart  for  cotton.  The  main 
ditch  was  3  feet  wide  and  1  foot  deep,  the  slope  varying  from  1  in 
1.000  to  3  in  1,000.  The  laterals  had  a  skijie  of  1  in  1,000  and  the 
furrows  the  same  or  less.  The  furrows  in  many  places  are  curved, 
A  marker  was  used  on  the  plow  to  locate  the  next  furrow  in  order  to 
keep  the  lines  parallel. 

(iates  were  used  in  the  laterals  for  regulating  the  supply  of  water 
and  dividing  the  same  pr(i[)erly.  Some  regulating  gates  used  wciv 
made  of  a  semicircular  piece  of  .sheet  metal,  provided  with  a  slide  in 
the  center  which  could  l>e  forced  down  into  tin-  laterals,  (Fig.  fi,5. ) 
Knli/Jit  fiinn. — Adjoining  the  Richardson  [ilace  is  the  farm  of  Mr. 
Knight,  conlniiiiiig  27  acrc>.  which  will  he  irrigated  with  water  from 
an  8-inch  artesian  well  G40  feet  deep.  The  well  delivers  alxtut  125  fl 
gallons  [H'r  minute.  Five  acres  of  corn  can  he  irrigated  with  the 
How  of  the  well  in  two  days  of  twelve  houi-s  each.     Two  acres  of 
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Kiiiuiis  I'iiu  1)1'  irrifruli'ii  iu  ont'  day.  No  ri'.st>rvoir  is  used.  Last  y^ar 
•2  acri's  of  ouiniis  and  !.">  acres  of  corn  were  in"i«raled.  The  onions 
were  plantoci  ni  Dwi'imIht,  s|)aced  4  inches  apart  in  rows  1(5  inches 
•apart.  The  (Kivv  of  tlic  well  was  diviiled  iK'tween  'M)  ftn-rows.  taking 
almut  one  and  n  half  hours  to  irripitc  (lie  same.  Tlie  yicKl  of  onions 
wa.s  :i."i,(XM)  pounds  per  acre.  In  irriffatin<;  corn  tlie  water  was  turned 
into  !^  furrows  at  a  time  and  look  alMHit  an  hour  to  run  tlinnigii. 
Tlie  furrows  are  U)l>  feet  lonir.     No  fertiliz<'r  was  used. 

I'olhiril  ftirin. — Adjoining  the  Kiii^lil  fsirni  is  (he  farm  of  Charles 
I'ollanl.  It  has  a  iO-inch  well.  (140  feet  deep.  cas<'d  ;5.'>  feet.  The 
well  foruicrly  had  a  considerahly  larger  Mow  than  at  i>resenl.  but  has 
lilk'd  11])  until  i1  is  now  only  4'20  feet  <leep.  The  present  flow  is  I'JO 
/gallons  per  uiiiiute  and  is  used  to  irrigate  :?H  acres,  no  reservoir  heinj; 
employed. 

In  l!i0;i-4  tliere  wore  24  acres  in  corn,  7  in  .swet't  potatoes,  and  7  in 
truck.  This  year  IS  acres  will  be  phiiited  in  onions  and  liie  same  area 
in  corn.    TlKM)itiun>  recjuired 

irrijration     every     ten     days         . ^ 

an<l  corn  every  Kftcen  days. 
The  onions  were  platited  H.."i 
inche>  apart  in  Iti-inch  rows. 
They  yielded  Itl.lMMt  jjounds 
per  acre.  It  took  twenty- 
five  to  forty  lioiu's"  How  of 
the  well  to  iri'ifrale  S.o  acres 
of  onion  hind  a  depth  of  1 
inch  [HT  irripilion.  Forty- 
<'iirlit  hours'  continuous  How 
of  the  well  was  i'e(|uii"ed  to 
irrifrate  4,5  acres  of  ssandy 
land  when  very  dry.     Black  sandy  lonm  i>  i'<msidcretl  best  for  onions. 

Corn  furrow-:  were  "JiM)  feet  lonf;.  The  How  of  (Ik-  well  was  usually 
divided  JH'lwi'en  !."»  furrows,  reipiirinjr  alMHit  ihrec  liours  to  run 
(hroufrh  the  same.  Xifrht  irri<rati<ai  of  cia'U  was  carried  on  in  the 
fol!owin>r  manner:  At  the  lower  en<l  of  the  furrows  was  a  siuall 
ditch  perfR'iidiiidar  to  the  >ame.  This  ditch  was  opened  between 
the  furrows,  inl.i  which  (he  water  was  tLirned.  and  a  suflicieut  nimilM'r 
of  adjacent  furrows,  so  that  the  water  which  ran  dowir  and  through 
the  ends  of  the  firrrows.  l>ein{;  irrigated  Inmi  the  lateral,  would  fro 
ahaifr  the  dilch  and  up  the  ailjacent  furrows,  pin'tially  irrifjatin^r  the 
same.  (See  fif^.  <'>•'..)  While  this  is  somewhat  wasteful  of  water, 
still  it  saves  ni^rlit  attendance. 

Consideralile  trouble  has  been  experienced  from  sunit  .spoiling  the 
corn.     The  yield  of  corn  wa.s  :i5  (o  40  bushels  per  acre. 
3(Xt20— -No.  168—05 30 
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Jt'ffre;/  and  Cowoii  farm.. — Aii<riistiis  JelFivy  mid  W.  C.  Cowan 
own  12  acres  of  irrigated  land,  sujijilied  with  water  from  a  5,'„-inch 
well  332  feet  (lee|>.  Water  is  taken  into  an  earth  tank  tlirongli  a 
S.S-inch  pi[)e.  wliich  nwessarily  ruts  down  the  sn|)ply.  The  tank  is 
(iO  hy  lOO  feet  ct  tlie  top,  inside,  and  4  feet  deep,  the  banks  having  a 
4-foot  erown  and  20-ftHit  Imse  with  slopes  of  1  to  2.  The  well  KHs 
the  tank  at  the  rate  of  4  feet  in  forty-eipht  hours,  henee  lias  a 
capacity  of  "lO  fiallons  [)er  ininnte.  No  Iroiihle  is  experienced  from 
seepajre.  Eiirlit  and  one-half  ucres  were  planted  in  onions  and  the 
renuiind»'r  t>f  the  area  in  corn  and  truck.  The  fnrrow  system  of 
irrigation  is  employed.  Onions  were  spacetl  5  inclies  apart  in  rows 
14  and  18  inches  apart,  the  irrigating  furrows  coming  in  the  18-inch 
intervals,  with  two  rows  of  onions  bL'tween.  The  yield  was  ;>,000  to 
lO.(XH)  pownils  per  acre.  No  fertilizer  was  iij^'d.  Harvesting  began 
Ai)ril  10. 

The  flow  was  divided  iietweeii  foin*  to  six  fnrrows  and  irrigated 
lwi>-(hiiMl>  of  an  acre  per  day  of  twelve  hotu-s.  This  rate  of  irriga- 
tion lowered  the  water  in  the  re-servoir  alxmt  (1  inches.  To  irrigate 
1^  acres  of  onions  per  day  iv<juired  two  irrigators. 

The  land  i^  ipiite  level  and  is  a  red  iiiid  chocolate  sandy  loam,  ihe 
surface  soil  being  2.5  feet,  underlain  by  a  clay  sul>s<iil.     The  red  sand 
liakes  considerably.     The  owners  consider  waxy  land  best  f*)r  onions. 
The  onion   land   is  set  out    in   hhick-eyed   |)eas.  which   will   later  Ik?  . 
plowed  under  for  fertiliaer. 

Htirtoii  ^«(y;(.— This  compris<»s  40  acres,  subject  to  iri'igation  from 
two  artesian  wells,  each  ;V,',;  inches  in  iliameter  and  40(1  feel  deep. 
which  discharge  into  a  reservoir  4."tO  by  100  feet,  insitle  lop  dimensions,  fl 
with  banks  (>  to  7  feet  above  the  ground.  The  crown  of  the  reservoir 
is  C  feet.  It  was  built  by  contract  at  10  cents  per  cubic  yard  for 
material  handled.  The  wells  fill  the  reservoir  (1  inches  in  twenty-four 
hoiii-s,  giving  a  flow  ttf  103  gallons  [>er  tuimite  for  the  two.  This,  of 
course,  alhiws  for  seepage  and  evnpni-alioii  in  tlie  reservoir. 

Six  acres  were  in  onions,  irrigated  evei-y  eight  to  (en  days.  Three 
acres  in  sorghum  received  two  to  three  iri'igalions  per  .seastm.  One 
acre  in  can*'  was  irrigatol  every  ten  days.  Kight  acres  in  corn  re- 
ceived two  to  three  irrigations  per  s4>as<m.  Two  and  one-half  acres 
in  tr'uck  were  irrigateci  every  (iMi  days.  The  0  acre^  in  onions  were 
irrigated  in  lw*>  days"  time,  with  a  fall  of  4  irtches  in  the  reservoir. 
The  water  used  for  this  irrigation  included,  also,  the  How  of  the  well 
for  thirty-six  hours;  hence  2  inches  was  the  ile|it!i  re(piired  for  the 
irrigation.  Two  men  iri'igaled  5  acres  of  corn  in  twelve  houi'.-..  .\ll 
irrigation  was  done  by  the  furrow  system,  Ihe  onion  furrows  being 
330  feet  long.  The  flow  as  utilized  was  run  into  ten  to  twelve  rows, 
and  re<iuired  lifteen  minutes  to  run  through  them.     The  owner  figures 
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thai  in  v»'rv  ilrv  _vt>iu>  llic  plant  oailil  irrijratr  ulxiiit  iiO  acres  to  good 
atlvautayc.     Tlu"  soil  is  a  lilack  saiuly  loam. 

Onions  were  spared  4  indies  apart  in  18-inr!i  rows.  They  yielded 
13,000  jioiniils  ])cr  avi-f.  .Vflei'  tin-  nninn  <i-iip  was  removed,  the  !aii<l 
was  .sown  with  bhu'lv-<nrd  peas. 

Some  of  the  corn  furrows  were  !)0(l  feet  long. 

Rertiir  phir,\ — W.  E.  Rcrtor  has  n't-enlly  piil  down  a  OJ-ineh  well, 
380  feet  deep,  tlelivering  a  flow  of  ahout  <).■">  jrallims  per  minute,  with 
which  he  irripatcd  3.')  acres  last  year  and  will  irripile  10  acres  this 
year.     Last  year  l.Ti  acres  of  onions  yielded  14,000  pounds. 

Fotftcr  place. — J.  P.  Foster  irrigates  I'l  acres  with  waU'r  from  two 
of-inch  wells,  3K4  feet  de<'i>  and  about  .'JO  yards  apart,  ilelivcrinp  a 
flow  of  nlwut  33  gallons  per  minute  each.  There  is  no  reservoir  on  tin- 
land,  and  it  is  the  comtnon  practice  to  irrigate  only  in  (he  daytime, 
though  (K'casiimally  the  land  has  lieen  irrigated  at  niglil.  Mr.  Foster 
estimates  that  when  the  secimd  uf  his  wells  was  sunk  the  lirsl  well  do- 
creased  to  about  four-fifths  <)f  its  previous  flow.  The  cosl  of  the  wells 
wa.s  $1  per  f<M)t. 

Five  acres  were  planted  late  in  the  season  in  onions,  which  were 
irrigated  every  twelve  days.     The  yield  was  K.(M)0  ponivds  jjer  acre. 

Foiii'  a<'res  were  jilanted  in  corn  in  .lanuary  and  received  two  irri- 
gations. Three  acres  were  [daiited  in  truck,  irrigated  every  three 
weeks. 

I'nder  gotwl  conditions  it  takes  tlu>  combined  tlovv  ()f  the  wells  two 
days  of  twelve  hours  each  to  irrigate  an  acre,  though  occasionally 
twice  thi.-'  (piantity  <if  water  had  to  be  used  \n-v  acre.  The  onions  were 
|>lantcd  in  rows  l.')!)  feet  long.  The  walei-  was  tlivide<i  between  eight, 
furrows  and  re(piii'ed  forty  minuti-s  to  run  ihrough  them. 

The  .M)il  is  of  a  black  and  red  wa.w  nature,  about  IS  in<-hes  decj), 
with  clay  subsoil. 

Mochriij  /dace. — Fritz  Mm-hrig  irrig;»tes  30  acres  from  two  OJ-inch 
wells,  one  .">.">0  and  the  other  4-jn  f)'ct  deep.  The  capacity  of  the  wells 
is  about  10  gaitous  per  uiiuute  eacli.  No  reservoir  is  employed,  and 
the  owner  figures  thai  he  can  not  iiTJgate  more  laud  with  the  present 
supply  of  water.     Water  for  inigalion  is  seldom  used  at  night. 

Eleven  acres  were  planted  in  onions,  iii'igated  every  si>ven  days,  and 
10  acres  in  corn,  which  was  pianted  in  March  ami  irrigated  every 
fourteen  days.  Nine  acres  wrvr  idanleil  in  tj-tick.  irrigated  every 
twelve  days. 

Tlie  land  was  irrigated  by  tlic  furrow  systi>m,  furrows  being  :i((0  to 
300  fiH't  long.  One  well  irrigated  fi\<'  to  eight  furrows  in  one-half  to 
one  hour.  When  llw  onion  land  is  irrigated  evi>ry  week,  one  well  tan 
irrigate  an  acre  in  leu  hour.s,  but  when  the  irrigations  are  less  fre- 
quent it  will  irrigate  one-half  this  an-a  in  ihe  same  timi-. 
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The  onions  wen*  j-pnci-d  4  iiiclu's  npart  in  i-ows  1(>  inclic-;  iipart. 
Tlu'victd  HMs  14,()(M)  imiituls  jjiT  tifn-.  Thi'V  wt-rc  harvt-sU'd  Api-il  1. 
inul  Ihi'  Inud  was  siil)seqmMitly  phitittil  in  lilaok-eyetl  peas,  which  were 
irrijrat"''!  cverv  two  wiM'ks. 


'I'i 


It'  jn'olilHl   l^ 


ihl 


I'l'd.  ami  while  sands'  I'lav  h)ani.  IS  inches  to  2 


feet  (U-ep.  wiiicli  halccs  when  irri{jaU>d.    Thf  subsoil  is  clay. 

Owen  fdtiii. — .1.  C\  ()wi>ii  inijrales  liO  atTi-s  witli  tlic  llou    of  two 


wells,  one  iif  whici 


1    IS   f)i 


inc-l 
main  flnw  of  this  wtdl,  which 


U'S    H 


I  dianiflci-  and  t;;^;  fccf  dci-p.    The 
•usi'd  i;0  fi'ct.  comes  from  the  315- 
fiiul  level.     The  owncf  csliniali's  that  this  welt  (h-liicrcd  ('>0  irallons 


IT  tninule.  lh(iii<;h  this  I 


las  now  tii-en  i'e( 


hiced 


al);iiil  one-half,  owing 


to  the  olhef  well,  which  was  Mink  400  yards  awav.     The  flow  of  the 


t 


hrsl  well  wa>  very  niiicli  ihrottled,  lieinir  h'd  into  a  reservoir  ilirouf^Ii 
two  l.Ti-iiicli  pipes.  The  reservoir  is  100  hy  ^iOO  feet,  top  inside  meas- 
nreinents,  and  ti  fwt  deep.     Its  hanks  are  sloped  1  to  •!. 

Th<'  second  well  is  (ij  inches  in  diameter  and  'M\i\  feet  deep,  deliver- 
irifi  ahoiit  ti()  fjallons  [ler  minute.  'I'he  l^wlu■r  will  Imild  another  reser- 
v(»ir,  with  the  intetilion  nf  iirii;atiiifr  40  acres  with  the  aid  of  a  third 
well.  The  <rroimil  level  of  the  second  well  is  4  to  fi  feet  htwer  than 
at  the  (irsl  well,  which  aecoimts  for  the  increase  in  ilisi'harjri'. 

Ti>n  acres  were  planted  in  corn,  irrifrated  every  ten  to  fifteen  days. 
Seven  acres  in  cotli)n  received  two  irrifj^ations  per  s<>ason ;  2  acres  in 
eaiH'.  the  samt'.  and  1  acre  in  truck  was  iri'ipited  evi'ry  ei<rhl  days. 
Ten  acres  of  corn  can  lie  irrijrated  in  three  days  with  the  comliined 
How  of  the  wells  and  r<'servoir. 

Kiitdiill  plfirr. — W.  L.  Keniljiil  irrigates  15  acres  from  a  4-incli 
arte-sian  wtdl  40(i  feet  dee]).  sai<l  to  deliver  H7  fjallons  per  minute.  The 
hind  was  |)lanted  in  onions  and  corn,  thi'  lalti-r  heiii^  sown  in  March 
and  July. 

.\  reservoir  has  hceii  constructed,  HO  hy  :50  yard.s  inside  top  dinien- 
.■■ions  an<l  (i  feet  deep.  'I'he  hanks  ari-  hiiilt  up  with  clay  c<»rc.  hnt 
tile  ri'servoir  leaks  slightly. 

The  land  is  irrifiated  every  eifrhl  to  ten  ilays.  and  with  the  well  and 
resei'voir  the  owner  fifrnres  that  1  .">  acres  is  ahont  the  limit  of  i-apacity. 

X  ;5-inch  artesian  well  ;^.">7  feet  deej)  sii|»)dies  water  to  stock. 

(hhii  fiiriii. — .Sixteen  miles  north  of  Carrizo  Springes,  .1.  Oden  Inis 
4S  acres  under  irrif^ation.  Water  is  sn])|)lied  from  a  IJ-inch  well  440 
feet  deep,  cased  1(1.')  feel.  The  owner  thinks  it  shoiihj  be  ca.scd  330 
feet  to  jjivvenl  cavinji.  as  it  is  necessary  occasionally  to  <denn  out  the 
well.     The  casinfr  is  landed  in  rock  H  feet  thick. 

A  reservoir  H  feet  hifjh  and  I'J.'t  feet  inside  hottoin  diameter  is  being 
constriicte<l  for  use  in  connection  with  the  well.  The  hanks  will  have 
a  slope  of  1  to  "2  and  the  crown  will  he  S  feet. 

Fifteen  acres  were  planted  in  corn.  17  in  briH)m  corn,  (i  in  cotton. 
and  10  in  trnck.    The  furrow  system  of  irrigation  was  used,  the  fnr- 
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rows  boinp:  ^iO  lu  100  yanls  lonp;.  The  well  will  irrifrntp  2  ncrcs  in 
Iwclvc  lioitrs.  The  w;it«'r  was  )]i\i(!i'<l  Ijctwcvn  10  to  IT)  short  furrows 
and  between  .'>  to  (i  lonij  furrows  at  a  time. 

The  cost  of  lioriiifr  tlie  well  was  $1  per  fool  for  thr  first  "iflO  fiH't.  the 
owner  fiirnishiiifj  (lie  r'asinp.  The  well  has  a  ln'ad  witlioiit  How  of 
12  feet  above  irroiinil,  and  is  said  to  ha^e  a  <"apacity  of  300  fjallons 
j)er  minute. 

Kiit/fis/i  fitnii. — Mr.  Enplish  irripjates  wilhmit  reservoir  100  acres 
with  two  C-ineh  wells  380  feet  deep,  delivering  75  to  100  gallons  per 
minute. 

PE.MtSALL. 

The  soil  in  this  vicinity  is  nniinly  of  a  lipht  sandy  nature.  Near 
Pearsull  are  several  small  irrijration  [ilanls  which  derive  tln'ir  water 
siijyply  from  pumped  wells. 

Miuii  ij  farm. — Alvoiit  1  miles  southeast  of  Moore  is  a  plant  owned 
by  E.  P.  and  Mason  Maney.  which  derives  its  siijipjy  of  water  fi-om 
two  5g-inch  wells  lOO  feet  deep.  A  4-hoi"sepowcr  gasoline  engine 
operates  two  dcc]>-well  pumps,  3'(  by  3i;  inches,  delivering,  when  run- 
ning at  :j0  strokes  ]>er  minute,  "»<(  gallons  per  minute  per  putufi.  The 
pumps  lowered  the  water  in  the  wells  over  20  feet.  The  pmnp  cyl- 
inders are  75  feet  from  the  surface  of  the  ground,  '['he  level  of 
standing  ground  water  was  3,->  feet  Im'Iow  the  surfao'  of  the  ground. 
The  [)umps  elevated  the  water  4  feet  abovt'  the  ground  and  utilized 
5  to  7  gallons  fif  gasoline  in  ten  Ikuu's,  at  u  cost  of  IS  cents  per  gallon. 

The  wells  ilischarge  into  a  storage  taidc  lid  feet  base  inside  diameter 
antl  SO  feet  toj)  inside  diameter,  with  a  depth  of  3.5  feet.  The  base 
of  the  i-es»'rvoir  baidi  is  'H)  feet  and  the  crown  (">  feet.  The  baidvs  are 
coiuposetl  of  stiff  clay.  The  cost  of  the  reservoir  by  contract  was  $50. 
There  is  eonsiderable  loss  from  seepage  from  the  re.servoir  and  n(t 
attempt  has  bi-en  made  to  |)uddle  or  tamp  the  earth.  One  aixl  one- 
half  to  'J  inches  of  water  are  lost  per  night  due  to  this  cause.  The 
water  comes  from  a  por()Us  sand  rock  which  extetuls  from  4ii  feet 
down  to  100  feet  below  the  ground.     The  wells  ai'e  cas<>d  44  feet. 

Nine  acres  of  onions  were  irrigated  l>y  the  plant  and  yielded 
100.000  pounds  gn»s.s.  No  fertilizer  was  used  on  the  ground,  which 
was  irrigated  every  six  to  ten  days.  It  was  necessary  to  run  the 
pumps  four  nights  during  the  irrigation  season.  The  bed  system 
of  irrigation  was  n.setl.  the  h'.'ds  being  Yl  to  30  feet  wide  and  70  yards 
long.  The  plant  could  irrigate  one  acre  in  ten  hours.  The  soil  is 
2  to  (i  fei'l  dee[). 

It  takes  fifteen  hours'  pumping  to  till  the  reservoir,  and  with  the 
reservoir  full  and  the  pumps  running  3  acres  could  be  irrigated  ia 
fi.\  liours. 
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IlarkncnH  fitrm. — A.  C.  B.  llarkiif-ss  irrigntos  4  acres  at  Pearsall 
with  water  from  a  53-inoh  well  KXt  feet  deep,  the  water-bearing 
stnitniii  heiiig  snml  nn-k.  (iroinul  w:iter  stan<l>  4")  fi>et  Im'Iow  the 
Hurfaec  of  the  grotiiid  and  Ihe  end  of  the  suction  pipe  in  the  well  is 
70  feet  below  tlie  gnmiid.  A  deep-well  pump,  3^  by  30,  run  at 
38  stnikes  per  minute,  dcliverinji  a  flow  of  (10  gnllons  per  miiinte 
at  an  elevation  of  4-  feet  aijove  the  ground,  is  operated  \i\  an  8-liorse- 
power  gasoline  engine,  eonsuniing  5  gallons  in  ten  hours.  Tlie  land 
produeed  15.000  pounds  of  onions  jier  acre.  On  the  same  farm  was 
a  ()-ineh  well  1;jO  feet  deep.  The  cost  of  these  wells  was  iJO  cents 
per  foot.     No  easing  was  used  as  it  was  found  to  be  unncce.ssary. 

II('/<s  farm. — W.  D.  Hess  irrigates  (j  lUTes  wttli  water  from  two 
pumped  wells,  10.^  and  108  feet  deep,  rest)ectively.  The  water 
slnituni  is  sand  roek  and  runs  from  about  <>0  to  !).^  feet  below  the 
ground.  The  wells  are  cased  fur  a  distance  of  12  feet.  X  G-horse- 
power  gasoline  engine  drives  two  de<'|»-well  |>umps,  A'\  by  28  and 
33  liy  3(>,  respectively,  lifting  (lie  water  7..*)  feet  above  the  grountl. 
The  cumbined  flow  of  the  |)um|»s  is  l-J.'J  gallons  per  minute.  The 
engine  uses  U  gallons  of  gasoline  in  ten  hours,  the  cost  being  15  cents 
per  gallon,  (irtnind  water  stands  3H  feel  below  the  ground.  The 
ends  <»f  the  suction  pipes  in  the  wells  are  7.")  and  85  feet,  respectively, 
below  the  ground. 

The  pumps  discharge  into  a  reservoir  75  feet  square  inside  bottom. 
7.5  feet  deep,  crown  4  feet,  and  width  of  base  of  bank  34  feet.  The 
pumps  will  till  the  res<'rvoir  in  forty  hours.  There  is  a  coating  of 
clay  4  inches  thick  on  the  inside  of  the  reservoir,  which  was  built  h\ 
the  owner  at  a  cosr  of  $170,  or  about  7|  cents  per  yard. 

One  and  one-third  acres  were  planted  in  onions,  irrigated  every 
eight  days.  Four  and  two-thirds  acres  were  itlaiiled  in  truck,  irri- 
gated every  twelve  days.  The  pumps  without  the  re.servoir  will  irri- 
gate 1  acre  in  twelve  hours.  Fully  -J.  acres  can  be  irrigated  with  the 
reservoir  alone.  Onions  are  irrigated  Ijy  the  bed  system,  the  beds 
lieing  10  feet  wide  by  iiOO  feet  long.  The  beds  were  flooded  crosswise, 
but  next  year  will  be  irrigated  l)y  flooding  fr'oni  the  end,  as  is  done  in 
other  sections.  The  onions  were  j)!ac<'d  ."1  inches  apart  in  rows  14 
inches  on  centers.  Twenty  tons  of  .stable  manure  per  acre  wei'e  used 
for  fertilizer.  Cowpeas  have  ixn-n  jdanted  this  year.  The  onions 
were  planted  late,  and  ttwing  to  this  cause  the  yield  was  but  10,000 
pounds  per  acre. 

PtiffcrxcH  fiirm. — Tom  Patterson  irrigates  S.5  acres  with  water  fi'oni 
a  r)|''ii-inclt  open  iHiltom  well  •I4i)  fiH-t  deep,  water  lieing  in  a  purple 
.sand  stratum  cased  2lC.  feet.  \  4-horsepower  gasoline  engine  drives 
a  3;J  by  L'4  inch  deep-weil  pump,  ruiniing  38  strok<'s  per  miniite  and 
delivering  a  flow  of  4.'*  gallons  ]K'r  minute.  Ground  water  stands  liO 
feet  below  the  level  of  the  ground  and  is  elevated  by  the  pump  0 
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teet  above  ihf  fjroiiinl.  Tlu'  v\n]  of  tin-  pump  cvlirnl<>r  is  IfiO  feet 
Ik-Iow  the  ground.  Tlie  enjiiiie  consunn's  (>  gallons  of  n;asoline  in  ten 
hours  at  a  cost  of  18  cents  per  pallon.  Tlie  piinip  discharges  into  an 
esirth  tank  40  hy  80  fwt  insidi'  hjist-  tufiisiircnu'iU,  4.r>  fwt  deep,  side 
^lope  1  tf(  2.  The  ])iniip  will  lili  the  ies«'rvoir  1  foot  in  ten  hours. 
One-half  tanUfid  will  irrigate  l.-'i  ai-re.s  of  onions  in  three  hours. 
(hie  lankfnt  can  irr-igate  tin-  entire  acreagt-  in  melons. 

Seven  acres  were  planted  in  watermelons  and  1.5  acres  in  onions. 
'J'he  furrow  system  of  irrigation  is  u.sed,  the  furrows  for  onions  beiug 
•J  feet  ajjart  with  '2  rows  of  onions  S  inches  a])art  hetween  each  pair  of 
furrows,  and  the  furrows  f<ir  melons  heing  V2  feet  a])art.  Onions 
were  spaced  (i  inches  apart  in  rows  which  were  70  yards  long.  The 
average  length  of  time  re(|nircd  fitr  water  to  flow  through  the  fiir- 
lows  was  .5  minutes. 

Trirkci/  farm. — W.  Trickey  irrigates  '23  acres  witli  rtal«>r  from  an 
S-inch  well  l'_*l  feet  deep  and  a  ti..")-inch  well  ^01  feet  dce]i,  t-ach  well 
having  <>  feet  of  casing.  The  water  stratum  runs  from  (m  to  121  feet 
Ivelow  the  ground.  The  ground  watt-r  stands  4<>  feet  Ijelow  the 
ground  surface  and  the  ln)ttom  of  the  cylinders  of  the  puui])s  is  GO 
feet  helow  the  ground  level.  A  (>dn>rsei)ower  gasoline  engine  drives 
a  IV\  by  31  inch  aiul  a  M^  hy  'M\  ineli  di"ep-well  pum|>,  ruiuiing  at  a  speed 
of  .33  strokes  per  minute.  The  water  is  lifted  ()..^i  feet  above  the 
ground.  The  engine  consumes  .")  gallons  of  gasoline  per  ten  hours, 
the  cost  of  same  Ix'iiig  17  cents  per  gallon.  A  :S()0,00()-gallon  res<'r- 
voir.  ()0  by  75  feet  iKiltom  inside  dimensions,  7  feet  high,  side  sIo|m'  I 
to  'i.  crown  3  feet,  is  used  in  connection  with  llie  pumps,  winch 
deliver  a  combine*!  flow  of  110  gallons  per  minute. 

Seven  acres  planted  in  onions  were  irrigated  every  ten  days;  2 
acres  in  alfalfa  wen>  irrigiited  every  two  months;  onedialf  acre  in 
ribbon  cane,  2  acres  in  tomatttes.  1  ncre  in  cablKige,  ii  acivs  in  sweet 
potat<ie.s,  1  acre  in  tru<k,  and  1  acre  in  Ijeans  were  irrigated  every 
three  weeks. 

Commordy  tlie  ground  is  irrigated  from  the  pump  without  the  res- 
ervoir. Four  acres  of  onions  can  U-  irrigated  in  twelve  hours  with- 
out the  rest'rvoir. 

Onions  are  irrigated  by  the  furrow  system,  the  rows  being  14 
inches  apart  and  tiu'  <Miions  spaced  5  inches  apart.  The  length  of 
the  furrows  is  125  fet't  and  the  flow  of  the  iiunijis  was  divided  Ix'tween 
live  furrows.  Tlu'  ouituis  were  jdanted  late  ami  \\u  fertilizer  was 
used.  'J"he  yield  was  J),3(M)  pounds  jier  acre.  It  is  ititended  to  ])lant 
cowpeas  on  the  onion  land.  Sweet  [>otatoes  took  practically  tlie  same 
ijuantity  of  water  as  onions. 

Alfalfa  was  irrigated  by  flooding,  the  beds  ix'ing  3t)  by  liO  feet,  and 
was  used  for  grazing.  On  the  farm  were  150  peach,  pear,  and  plum 
trees,  which  were  doing  well. 
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litriy  ftint).—,}.  E.  Berry  irrifrates  7  acres  4  miles  soutli  of  Moore 
with  wiUcr  from  ii  ijiiniiicil  well.  Tlic  i-iul  of  x\w  [xifiip  cvliiKh-r  is 
00  feet  below  the  groiiinl  luvci.  A  C-liorsi'iniwvr  gasoline  engine  rnns 
a  33  by  30  incli  jjinii)*.  'I'liifc  ncrt's  wtre  planliMl  in  onions.  I  in 
tomatoes,  and  '-^  in  corn  and  i-antalonpt's.  Tlie  onions  \vm>  planted 
late  and  yielded  8.000  i>ounds  per  aere. 


Re 


John  Rennet t 


>tod  10 


F 


sciiHfir  J  (I  nil. —,)ol\n  liennett  irrigatpd  H)  aeres  near  Deri)v  with 
water  pumped  fi-om  a  10  and  an  S  iueli  well,  each  t)f  which  is  200  feet 

deep.     The  gro 1  water  is  4(t  feet  and  the  pump  cylinders  (iO  fwt 

Ik'Iow  the  ground  level.  A  i!i -horsepower  engine  ilrives  a  deep-well 
jjiniip  supplying  .'id  gallons  per  minute  to  a  reservoir,  and  a  (i-horse- 
power  gasoline  engine  is  utilized  for  driving  another  pump  deliver- 
ing "0  gallons  direct  to  the  laud.  The  land  was  planted  in  onions, 
which  yielded  10,0(10  pounds  per  acre. 

Coker  farm. — .1.  M.  Coker  irrigates  Ifi  acres  near  Devine  by  pump- 
ing water  from  u  well  110  feet  deep.  The  pump  is  a  A'\  by  '20  inch 
deep-well  and  runs  'M)  strokes  j>ei"  minute.  The  cHuisumplion  of  gaso- 
line is  0  gallons  in  ten  luuirs.  A  tank  55  by  2'i  yards  inside  top  meas- 
urement by  S  feet  deeji  is  utilizeil  in  eomieetion  with  the  pump.  In 
twelve  Ikhii's  the  sui)ply  of  tlu'  tank  and  pump  can  irrigate  4  acres. 
Tlie  crops  gi'ovvn  ar-e  onions,  sweet  potatoes,  and  truck. 

Slai'tiug  al)(uil  I'J  miles  southeast  of  T'earsall  there  are  lo  artesian 
wells  Hi.')  to  07")  feet  deep  delivering  a  flow  of  10  to  H."i  gallons  per 
minute.  Thest-  wells  belong  to  the  Keystone  Lund  and  Cattle  Com- 
pany and  are  usi'd  for  slock  [)ur]jnses. 

In  the  vicinity  <(f  Pleasuntoti  there  are  also  several  small  artesian 
wells,  used  nuiiidy  for  stock  purposes. 

Mr.  Harry  Landa.  of  New  Hraunfels,  who  owns  tlie  land  where 
tile  springs  supplying  the  Comal  lii^er  are  sitinited.  has  nnide  a  park 
of  the  surrounding  country,  which  is  one  of  the  garden  spots  of  Texas. 
The  waters  of  Comal  River,  cli-ar  as  crystal,  gush  forth  from  the 
rtx-ks  and  (low  into  a  small  artiticial  lake,  whence  the  greater  part  of 
the  water  is  diverted  into  a  canal,  through  which  it  flows  about  one- 
lialf  mile  into  the  foi-e  bay  for  supjdying  power  to  two  a50-horse- 
j)Ower  turbines,  one  of  which  drives  a  eotton-seed  i»\  mill,  a  i-orn 
sheller,  and  two  No,  .T  centrifugal  pumps  for  sujiplying  adjacent. 
fields  with  irrigation  water:  the  other  oj>erates  a  corn  mill,  flour  mill, 
ice  ))lant.  aiul  electric  lighting  and  power  plant.  The  fall  is  altout 
'21  fei't  when  the  river  is  very  low.  High  water  in  the  (Tuadabipe 
River,  which  seldom  occurs,  cuts  this  figure  in  two. 

The-se  centrifugal  pumps  run  alwut  700  revolutions  per  minute  and 
deliver  a  measured  flow  of  ;jr>0  gallons  per  minute  each.  They  dis- 
charge through  about  I'iOO  feet  of  0-ineh  pi])e  into  wtnulen  pressure 
boxes  12  by  12  Ity  IT)  feet.  From  iheie  tlie  water  is  distributed 
through  8  and  10  inch  sewer  piires  to  hydrants,  the  farthest  of  which 
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is  aliout  l.r)(X)  f(>pt  distant.  Il  taki-s  ahoiit  two  and  ont'-Iiiilf  hours  to 
irrigatp  an  acre  vvitli  tln>  flow  of  oiu'  imnifi  wiion  tlic  gi-oinuj  is  dry, 
but  not  cracked.  This  is  t'(|ni\-aleiit  to  a  depth  of  l.W't  iiich<'s  per 
irrifralioti. 

Tlu"  livdranls  wiiirii  supply  the  fitdds  with  irri<;atioii  water  are 
jjeculiiir  in  constrnction.  As  will  be  setri  hy  refi-rriiifr  to  figure  (>7. 
water  is  adinitteil  tlirouph  a  supply  i>ii>f  n,  which  connccls  with  lln^ 
pressure  box.  The  water  level  will  stand  at  /.  Water  is  siip|>lie(l 
Ihrough  the  opeuinj:  Ji  to  the  outlet  o.  The  pings  />.  faced  with 
leather  and  nsnally  |>rovided  with  ir<(n  bandies.  s<'rvi'  (o  cut  off  lite 
How  of  water  from  liydi-ants  from  which  il  is  not  desired  to  iri-ijrate. 
The  hydrants  are  constrncted  of  l>rick  and  are  about  ('>  feet  iiigh. 
They  are  usually  provided  with  1'2-inch  |)lugs  for  the  outlets.  This 
plant  of  two  cenlrifugal 
pumps  supplies  two  fields 
with  water,  which  is  dis- 
tributed a  ctinsiderable  dis- 
tance with  i)ractically  no 
loss. 

From  the  lake  in  Lan<lu 
Park  there  is  another  outlet 
Ix'sides  the  catud.  which 
supplies  the  turliines.  The 
water  from  ihis  source  is 
used  to  drive  an  nnder>hot 
wheel,  which  in  turn  drives 
a  rotary  pump  with  an 
K-inch  dischai'fje  pipe,  vvliich 
sujtplics  a  reservoii'  on  top 
of  a  hill  near  hv  with  a  How     .       „     „ 

-  *  h  I'J.  'IT. — nyarant  in  use  tit  New  RrnitnfiflH,  Tex. 

of    about     5()0    gidlnns    jier 

niirmle.  \\'ater  is  taken  from  this  reserv<»ir  thi-ough  an  ii-on  pipe 
into  a  |)res.sure  \wx  and  thence  distributed  to  hydrants  in  the  field  in 
the  manner  already  described.  Tln'  land  is  rented,  and  water  is  sup- 
plied for  one-half  of  the  crop  produced.  The  renter  is  also  furnished, 
free  of  cost,  with  wagons  and  stock. 

The  flow  of  Couia!  Kiver  throupli  the  ciiiud  was  measured  August 
18,  lt)04,  and  was  "Jlitl  cubic  feet  per  second.  The  ij'rigated  laml  is 
all  of  a  black  wa.xy  consistency.  The  principal  crop  raised  was 
onions,  which  were  harvested  ilay  1.  In  order  to  nuike  an  attractive 
a|jpearance  for  .sale  the  oidons  were  all  wa.shed  off  after  hai-vesting. 
The  yield  averaged  '24,000  jwunds  to  the  acre,  the  niaximuni  yield 
Iwing  ;^n,00fl  pounds.  Onions  aiul  potat<M's  were  irrigated  alMtut 
every  twenty  days  by  the  furrow  system,  the  onions  receiving  about 
seven  irrigations  and  the  potatoes  three  or  four  irrigations  per  year. 
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The  two  5-infli  pmiips  irrigated  70  ihtcs,  of  whicli  39  wpro  planted  in 
onions,  30  in  jxitatm's,  and  1  in  triit'k.  Potatoes  Hvcraged  200  bushels 
per  acre.     The  eost  of  laliur  was  75  cents  to  $1  p)er  day. 


^ 


At,TGELI>    liANCII. 

About  two  milos  south  of  New  Hraunfols  is  a  ranch  owned  by  Mr. 
Altgeld,  supplied  with  water  fi"on)  a  spring  (SO  feet  deep,  which  on 
August  18,  1!H)4,  gave  :i  ineasurwl  discluirgc*  of  I'iO  gaHons  ix'r 
minute.  This  spring  is  situatwl  in  tlie  ceuler  uf  a  small  pool  or  tank, 
which  can  be  used  for  a  limited  storage  of  water.  According  in 
Mr.  .Vltgeld's  ohsc^rvatiim  the  spring  water  will  rise  without  How  to 
a  height  (»f  otdy  -.■">  feet  above  its  present  level,  lie  is  at  present 
constructing  u  much  larger  tank  in  addition  to  the  present  basin  and 
figures  on  the  installation  of  a  pump.  Owing  to  the  small  hydro- 
.static  head  nvuilable  for  causing  flow  from  the  sjiriug,  it  is  mitural 
to  expect  that  there  wouUI  be  great  increase  in  the  amount  of  water 
sujjplicd  and  that  g(H>d  results  cuuld  be  obtained  by  the  installation 
of  a  jiiuiip.  Tea  hours'  How  of  the  s]n'iug  was  required  per  ai-re 
irrigated  by  l>ed  IliMiding  when  the  alfalfa  was  on  level  ground. 
This  is  eijuivalent  to  a  depth  of  2.7  inches  |)er  irrigation.  When  the 
alfalfa  is  (ui  hillside  2..")  acres  are  irrigate<I  in  the  sanu'  tiiiu'.  This 
would  mean  a  depth  of  water  of  oidy  1.1  inches.  As  the  hydrostatic 
head  of  the  spring  is  so  small  the  (low  uuiy  vary  considerably  in  a 
short  time  from  changes  in  tlie  head  of  the  spring.  For  the  irrigsi- 
tion  of  corn  the  How  of  this  spring  in  ten  hours  will  irrigate  \i  acres. 
This  would  mean  a  deptli  nf  1.3  inches  |x>r  irrigation.  Alfalfa  pro- 
diu-es  live  or  si.x  crops  of  a  Ion  each  jM'r  acre  and  $1.")  a  ton  is  the 
average  price  realized.  One  acre  of  Unirrigat<Ml  huul  ])roduced  25 
bushels  of  corn  to  the  acre.  An  aciv  ne.vt  to  it  irrigated  gave  a  yield 
of  75  bushels.  Land  in  the  vicitiity  of  New  Hraunfels  not  subject  to 
irrigation  can  be  bought  for  $,')0  an  aei-e.  whereas  irrigated  land 
brings  $irtO. 

TESTS  OF  PUMPS  AITD  mRIQATIOW  PLANTS. 

Tlie  following  tables  ctaitain  results  uf  tests  of  irrigation  and 
])umj)ing  plants  at  San  Antonio  and  Heeville. 

The  first  table  gives  the  results  of  tests  to  asi-crtain  the  quantity  of 
water  a|)j)lied  for  irrigatiuu.  The  land  near  Bei»ville  was  nearly  all 
of  a  black,  sandy  description,  while  the  hind  at  San  Antonio  was  of  a 
black,  wa.vy  variety. 

The  hea<lings  of  the  table  e.xplnin  fully  the  results. 

At  Heeville  the  <iriss»>tt  farm  was  the  only  one  which  did  not 
emjdoy  a  reservoir,  but  pumped  water  directly  onto  the  land.  None 
of  the  plants  at  San  Antonio  u.sed  reservoirs. 


IBRIGATION   IN   SOUTHERKT   TEXAS. 


475 


Irrigation  iestH. 


Name. 


Beeville: 

Mnckleroy . 


I 


Time 


'  Area  ,  Depth    Bince  ;  f^-„Mn,^  «# 
irri-    offrri-taBtir-    CondiHonof 
gated.  Kation.    riga-  *°"- 

I  .  tion.  I 


Acre*. 
0.11 
f     .06 


Incheit. 
0.88  i 

.43  I 


Mock 

M 

.20 

1 

.09 

.30 

Qriraett ! 

.43 

l.ijl 

.08 

.75 

McDowell....! 

.05 
.05 

.26 
1.19 

.04 

.83 

2.18 

1.02 

Rankin 

1.83 

1.56 

1 

1.67 

.03 

.75 

1 

.06 

.85 

.09 

1.11 

.13 

1.82 

muott ; 

.08 

1.86 

.07 

1 

.07 

.30 

.10 

1.18 

.07 

.30 

San  Antonio: 

1.08 

7.15 

Meersuheldt.. 

4.40 

7.80 

8.80 

6.88 

.91 

3.57 

.38 

9.30 

Wantru 

1.08 
.81 

1..54 
4.18 

..V) 

6.»l 

1.66 

4.18 

6.0( 

4.10 

5.08 

5.30 

3.18 

4.78 

CoUins 

4.08 

3.67 

8.95 

9.13 

3.14 

6.45 

G.liO 

6.70 

Dayt. 

60 

5 

1 

1 

"io"'" 

2 
160 

3 

8 
10 

8 
10 
11 
18 
81 
16 
80 

.5 
80 


Very  dry  . 
Dry 


Dry 

...Tdo 

Moist 

Very  dry 

Fairly  moist. 
do 

do 

do 

do 

do 


Kind  of 
soil. 


B.  8."... 
B.8.L.I. 
do... 


Drv 

Fau-ly  moist 
Dry 

Wet 

Dry 

Wet , 


B.8  L.n. 
L.8.L.O. 
...do... 
....do... 

do... 

B.8.L.O. 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 


Bate  of 
flow 


hiacin 
forro' 


ing  of 

WB. 


per 
furrow 


Feet. 

iwbyi.e! 


2M 

310  by  8... 
240  by  2. 5. 
896  by  3... 
396  by  3.. 


Time  re- 
quired to 
run 
per  '  ttirough 
min-  furrow, 
ute.    i 


Gallt. 

■a 

34 


468  bT8. 

468  by  8. 
,  488  by  3. 
'  4«01)y3. 
.  488 byS. 

480  by  3. 

480  by  8. 
:  480 by3. 

480  by  3. 


Dry  . 


.1  B.W.". 

do.. 

do.. 

.: do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 


Minniea. 


24  .. 

281 
18 

24 : 


32 
11 
8 
41 


80  1 

20 

22' 

85 

24 

41 

14  ■ 

80 

65  1 

20 

19' 

47 

27 

12 

19  ' 

57 

17    : 

21 

«B.  S.=black  sandy;  B.  8.  L.^black  sandy  loam:  L.  8.  L.-llght  sandy  loam;  B.  W.=black 
waxy. 

HuiiiiHaru  of  irrigation  trstn. 


Name. 


Beeville: 

Mnckleroy 

Mock : 

Qrissett 

McDowell 

Rankin 

ElUott 

Total 

San  Antonio: 
Meerscheidt— 

Qa.soUne 

Steam 

Wautrs 

Collins 

Total 49.8B 


Arxa  irri- 
gated. 

Depth  of 
irrigation. 

Vuanuty 
of  water 
applied. 

Arren. 

Inches. 

Arre-in. 

0.11 

0.83 

0.09 

.22 

.80  1 

.07 

.43 

1.51  i 

.65 

.28 

.75 

.17 

a  46 

1.83  ! 

4.60 

.68 

1.13  1 

.70 

5.06 

1.24  , 

6.28 

l.flS 

7.15 

7.37 

12.60 

6.80 

85.70 

5.Si 

3.75 

20.00 

30.90 

6.m 

170.00 

5.88 


2SJ.07 


The  table  brinj^  out  most  prominently  the  relation  between  depth 
of  water  usi'd  in  comparison  with  the  supply.  The  farms  at  San 
Antonio  had  a  much  larger  supply  on  which  to  draw  and  used  the 
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wattT  iiiiK-li  niori'  cxtrjiviifiaiillv  llian  at  Ik'ovillc,  the  avoragt-  ik'ptli 
of  irriji;iitioii  at  Becville  Ix'iiif;^  l.'>4  iiu-hi's  and  at  San  Antonio  o.fiS 
inches,  or  lu-arly  live  time  as  iiiiicli. 

The  f<)ili>winfj  talilc  j^ivcs  the  rL'.sult.s  of  ti'^t.s  of  {lasoliiic  ])umpin^ 
plants.  All  of  the  pumps  at  Bceville  were  of  the  tleep-wcH  variety. 
Tlu'  pump  at  Xlei>rchei(Jt's  was  ceiilrifitiiul.  Tlie  ratio  of  exph)sioiis 
to  mi.s.sf.s  was  in  most  ca.ses  very  small,  the  eii^ine.s  lieing  nnich  initler- 
loaded.  As  a  result  the  consuniption  of  jrasoline  jx'r  hor.s«'power 
hour  was  exceediiifily  hifih,  and  the  cost  of  operation  considerably 
^•eater  than  it  shoiiKl  Ih'.  Deep-well  |>um|)s  slionhl  o|)erate  under 
not  over  half  a  jjallon  of  pasoline  per  water  horsepower  hour. 

nrniiltn  of  tculii  of  j/iiHolhie  iiiiinithii)  iilaiiln. 


Mnckle- 
roy. 

Hook. 

OrtaMtt. 

MeDowidl. 

Bwslda. 

•oheidt. 

Pomp:            . 

sue loobaa.. 

Speed raT.  permiu. . 

Engine: 

Size hontepo  wer. . 

Speoil . .  .rev.  pi-r  mln.. 

8,by« 

85? 
32 

14U 

IS 

44.5 

2M 

ai4 

.4!S!! 

l.:<4 

1.H4 

82 

14 

ltl.8 

28,7 

111.40 

2jhyl8* 

28 

^* 
44 

120 
27 
U2 

.■>.4 

IS 

lan 

l.W 

1.4D 

187 

14 

15.8 

211. » 

119.20 

8,by|DJ 

4 
258 
UK 
27 
7B 
59 
28 
.417 
.35 

.84 

1.15 

68 

14 

11.8 

16.1 

(9.50 

2t  by  10 
47 

»i» 
48 

152 

22 

61. 5 

II 

171 

V* 

1.08 

2.« 

140 

H 

23.2 

31.8 

lltt.60 

8jby24 
31i 

2; 
»o 

60 
140 
26 
68 
86  5 
.58 
a. 894 

•1.68 

".88 

<»5» 

14 

.■9.5 

<il8 

■>t8.ai 

1(0.6. 

B 

HlmeH ...do.... 

Engine  luad pur  rent  . 

Hi-ad  ..   feet  . 

Riit'of  flow    K»ls.  per  mill 

ino 

:w.I 

Uh*« 'Hue  per  hour gnls  . 

Oawiliiii-  iMT  water-lioree- 
iwiwer  hour -- tpiU  - 

(*ft>M>line     piT     a<To-foot 
niiii  il  1  foot B"ls  . 

(Jasoline  per  acre  foot,  gal- 
lons..-  

Cost  of  tpisoltne  per  gallon, 
centi* 

1  4.1 

47 

IS 

Cost  of  (saHoliue  per  wator- 
hornepower  hour    t-enti*. . 

CflBt  of  ({a>iolin"  per  acre- 
foot  raiwHl  1  f CKit   .  reiita  . 

Cost  of  ga^tllne  per  m^re- 
foot 

5.1 
^.80 

•  Arem^  of  neTenil  olMervnllona. 

The  followiiifj  table  shows  the  results  of  tests  of  two  steam  pump- 
ing plants  in  San  Antonio.  In  test  No.  1  there  was  a  leak  in  the 
suction  side  of  the  ptim|>.  resultinjr  in  a  very  low  vacuum  and  <'on- 
setpient  itiefli(.'ient  operation  of  the  [jump.  Tlie  weight  of  water 
evaporated  was  calculated  from  the  amount  of  water  r-,u))i)lied  to  the 
Ixiiler  by  the  [Mimp.  no  allnwance  being  made  for  the  moisture  in  the 
steam  delivered  to  the  engine.  In  the  Meer.scheiilt  plant  the  boiler 
was  fed  by  a  pump,  no  allowancf  being  made  for  the  steam  used  by 
the  [uimp,  whic-li  is  hence  credited  (o  the  engine.  Thi-  Wautrs  plant 
used  an  injector  instead  of  a  i)um|)  for-  bi)iler  fet'<l  water.  If  satu- 
rated steam  is  supjilied  to  an  engine,  the  weight  of  the  steam  con- 
sumeil  jier  horsepinvci-  is  dependent  on  the  ditference  of  temperatures 
between  the  entering  steam  and  exhau.-^t.  The  line  marked  "Theo- 
retical jH)un<ls  of  .steam  per  horsepower  liour"  repi"esents  the  amount 
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^^  of  steam  rpquiird  prnvidwl  tho  on^inp  wero  oporatod  at  lOD  por  cent           H 
ffficii'ticv.     In  tlic  next    lint-  i>  jjivi'ii  tlu'  t'lijriiic  L'fficic-iK'V,  wliich  is          ^^ 

llu*  ratio  of  tluMtrftica!  stt-ani  fonsiiim'd  \>y  (he  Pti<riiie  to  tlu'  .steam          ^M 
jRT  iitilicatcd  hor-cpnwcr  liour.     In  llu'  !n'.\t  line  is  tlu-  <;ivfti  t'Hi-          ^M 
cietirv  of  the  cn^xiiK'.  allo^  iiij.'  S  per  iviit  of  (lie  apparciil  steam  con-            H 
sumption  fur  moistm-c  and  for  ofierating  the  feed  piiiiip.     In  tiie  lust            H 
column  is  yiven  the  total  comiiiiieil  eiifriiie  and  pomj)  elliciency.  which           ^| 
is  the  ratio  of  the  total  enerjfv  oiitpnt   of  thi'  [inmp  (y  tlie  energy           ^M 
which  is  furnished  by  the  reiinired  weiglit  of  steam,  with  8  ]jer  cent         ^M 
uilowauce.  atj  above.                                                                                          ^^^H 

TettD  of  Htcaiii  pumpitig  plants,  Han  Antonio,  Tex.,  lHOi.                       ^^^^H 

Heeracheldt  ft  Stieren. 

Wantrs.                      ^M 

Boiler. 

Hoi-isonlal  M.  T 

80H.P 

Simple  Butumatio 
Doucondeu»inK. 

mtH.  P.,  IS  inch  Ijy  1« 
inch. 

Centrifulral  nnM^lal. 

Vertical  M  T.                ^^H 

Direct.«otini{  steam.             ^| 
Heaqnite  roots.               ^^^H 

4.  an.                       ^^H 
148.                             ^^H 

75.                                        ^^H 

'              aixo „. 

1            En((ine: 

Type. „ 

8Ue 

Pump: 

TViw 

sSJ^  ::::::::;:::::  ::":::::":::":::::::::: 

No.  H . 
Lytlet 
81.75.. 

Kiuduffuil     .        ... 

•ooJ 

Ci*t  of  fuol per  ton.. 

Teatl. 

Tint  8. 

Tests. 

738 
8.80 

8.6S 

41.8 

75 

18.8 

88.8 

81  » 

1,880 

2,310 

8  8 

TIB 
8.11 

3.4S 

'  i'.isD' 

^^^    Water  evaporated  per  pound  of  fuel do 

^^B  Wat«r  ovaporatud  pur  pootid  of  fuel  from  aod  at 
^^^H      818*'  P                                                           pniinilfl 



^^  8team  i>erl  H   I'.  b<iur do.... 

'          fiteam  per  W.  H.  P  hour do.... 

Fnol  iH.i- 1   H.  P.  hoar do.... 

Fuel  per  W.  H.  P.  hour do.... 

Kiiel  pi'i- rKTK-foot  rawed  1  foot do 

Fuel  pera.^re-fniit  pumped _. 

Wiiter  eviiixjniteil  iwr  fiour ponnda.. 

"i'.m 

Oosi  iif  fuel  iR>r  ftcre.foot  puinjied  .......... 

11.48        

8.04 
S8.7 
50.8 

,s 

76 

174 

408 

88.8 

8.« 

81.4 

18.4 

41 

U 

88.1 

140 

m 

ItW 

^K   T  H  P 

^^B  Hnnd                                                                          frnt 

^^^  Dtwbnnje K-  p.  m.. 

(^omhiu..<l  puuii)  and  eu^ne  ofBeiency     percont. 

140 

M 

in 

407 
10. » 

Steam  preMure pounds.. 

Eufrlne r.  p.  m.. 

Pump do — 

Lift                                             do.... 

IB 

Engine  i-ftliieney.  nJlnwinK  **  per  cent  for  moisture 
Eutcine  niMl  puuip  umrienry,  allowiuK  H  per  cent 





abtrokea  per  minntr.                                                                      ^^^^| 

Dnrinp  test  No.  1  there  waR  a  leak  in  the  suction  of  the  pump,    ^^H 
thus  ciiftin^f  (htwii  the  dischar-jre  and  id.-o  tjie  licad  sif^ainst  wliich  the            H 
pump  o|>erated.     In  te.-t   No.  2  the  coinljiiieil  eiliciencv  of  the  pump           H 
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and  engine,  which  is  the  ratio  of  the  wnter  horsepower  output  to  the 


(li(-itte<I  ii 


ix>i 


i;ent. 


rliieh 


(1 


lit.     The 


cons 


ljorseiM)wer,  ifi 
engine  efficiency  of  51  p 
enfriiie  is  o]M'ratii!g  under  alnnit  70  per  eeut  h)ad.  The  water  evajjo- 
nited  per  pound  of  fuel  is  extee<lingl_v  low.  This,  however,  is  due  to 
the  poor  grade  of  fuel  which  is  used :  owing  to  this  the  Kretuan  was 
hardly  ulile  to  keep  uj*  steam  during  the  test. 

The  residts  of  the  test  of  the  Wautrs  jjlant  gave  a  s-tcam  con 
sumption  per  horsepower-hour  of  '205  pounds,  as  against  75  pouud;s 
with  the  Meerscheidt  plant.  This  is  due  to  the  ])(H»r  efficiency  of  the 
direct-acting  steam  pump.  Although  the  boiler  is  considerably 
smaller,  still  the  results  of  evaiM>nitions  show  that  1  potind  of  coal 
used  in  llie  Mcerscheiilt  ])liuit  (H-rfoniied  the  same  amount  of  evapora- 
tion as  li  pounds  of  wood.  This  would  give  an  efpiivalcnt  evapora- 
tion efficiency  in  the  two  eases  of  1  ton  of  coal  against  1  cord  of  woo<i 
weighing  3,000  pounds. 

I  SUMMARY. 

Several  tables  have  been  prepared  to  summarize  the  results  of  the 

foregoing  investigati()ns.  The  figures  given  in  tiie  tables  are  derive*! 
mainly  from  the  ilata  in  the  te.\t  and  are  Imsed  largely  upon  inforina.- 
tion  furnished  by  the  farmers  and  not  upon  actual  measurements; 
hence  there  will  und()ul)te<lly  l»e  found  discre])uncies  in  results  in 
indivifiual  cases.  Still,  the  number  of  plants  is  so  large  that  possible 
individual  eri^ors  will  \w  greatly  minimized  in  the  average  results. 
The  tables  of  perfonnnnccs  of  plants  are  useful  not  alone  for  statis- 
tical purposes  but  to  indicate  the  Mjurces  of  undue  expense,  as  well  as 
the  means  by  which  this  may  be  avoided.  The  results  sliown  in  these 
tables  point  very  clearly  to  nietliods  l)y  which  considerable  improve- 
ment may  Lh.-  expected  over  present  conditions.  In  the  preparation 
of  the  tables  assiimjytions  have  lieen  made,  mainly  with  regard  to 
cost  of  fuel  and  labor,  <)nly  where  the  conditions  of  neighboring 
plants  seem  to  warrant  the  same.  There  are  two  kinds  of  averages, 
viz,  tlve  straight  and  the  weighted.  Ff)r  example,  the  average  flow  per 
acre  for  several  fiinus  may  be  secured  in  two  ways:  (1)  The  straight 
average  will  lx»  secured  by  dividing  the  sum  of  the  averages  for  the 
.several  farms  by  the  number  of  farms;  {•2)  the  weighteil  average  will 
be  secured  liv  dividing  the  total  flow  to  all  the  farms  by  the  total 
acreage.  The  straight  average  is  pnibably  of  more  value  from  the 
agricultural  |)oint  of  view,  since  it  gives  the  results  attainetl  on  tiie 
average  farm  and  is  a  good  in<lication  of  what  others  nuiy  expect 
to  do.  The  weighted  average  is  better  for  statistical  purposes,  be- 
caixse  it  is  the  true  average  per  unit  of  area. 
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AREA  ANI>  CBOPS. 

In  the.  districts  investigated  there-  were  approximately  30.000  acres 
(if  irrifruteil  !iiii<l,  devnted  more  lar<i:i'ly  to  rice  than  to  any  other  one 
crop.  The  following  tiibh'  gives  the  recorded  acreages  of  the  various 
crops : 

Area*  of  crops  in  diatrlcln  inveotluated. 


Crop. 


Truck. 
Onions 
Corn.. 
Ome.. 
AUUfa 
Cotton 


Are»irri- 

Percent- 

8*t«d. 

age. 

Acrtt. 

2.817 

10 

MS 

£ 

4,M3 

17 

gas 

4 

1,447 

S 

8,8ra 

8 

Crop. 


Sorxhom 

Juhnaon  tmus 
Bloe 

Total ... 


Area  Irri- 
gated. 


Acrta. 

147 
1,871 


S7,7*J 


Percent- 
a«e. 


IflO 


METHODS  OF  IRRIGATION. 

The  methods  of  irrigation  at  presi>iit  in  use  are  mainly  furrow, 
check,  bed,  and  tablet  sj'stems.  In  the  matter  of  adopting  a  system 
of  irrigation  there  is  a  strong  tendency  for  each  man  to  imitate 
Ills  neighliors.  Thus  one  is  almost  certain  to  find  the  same  system  of 
irrigation  used  exclusively  throughout  any  district,  indei)entlent  of 
whether  it  is  suitalile  for  conditions  euconntered.  The  system  of 
irrigation  most  commonly  used  in  Te.xas  i.s  the  furrow  system.  Usu- 
ally the  water  for  irrigation  is  turned  into  a  temporary  head  ditch, 
from  which  it  is  di\idcd  among  several  fui'ruws.  This  system  uece.s- 
.sitales  the  cunstarit  attendance  of  the  irrigator  to  see  that  tiie  water 
is  eveidy  divided  among  the  different  furrows.  The  furrow  system 
of  irrigation,  which  is  now  hcing  used  in  California,  governs  the 
flow  of  water  to  ditl'ereul  furrows  by  small  wooileti  boxes  or  pieces  of 
pipe  set  temporarily  in  the  head  ditch  opposite  each  fiuiow.  This 
.'system  insures  an  ef|ual  distribution  of  water  among  the  ditlVrent 
furrows,  removing  the  danger  of  the  ground  at  the  entrance  (o  the 
furrow  washing  away  and  hence  di.stributing  the  water  unequally. 
It  enables  an  irrigalor  lo  acc<ini])!ish  nuici)  more  work  in  a  given 
space  of  time,  as.  after  once  the  water  has  lieen  startetl  into  the  fur- 
rows no  further  attention  is  required  until  the  irrigation  is  ct»m- 
pleted.  The  old-fashioned  method,  however,  of  furrow  irrigation 
prevails  thi-oughiiut  Texas,  no  device.s  being  used  for  controlling  the 
flow  at  the  entrance. 

In  (Uiiou  culture  the  ImhI  system  is  in  common  use.  The  land  is 
laid  out  ill  beds  about  VI  feet  wide  and  100  to  -JOO  feet  long.  Between 
the  beds  small  levees  are  thrown  up.  The  sujiply  ditch  runs  along 
the  head  of  the  iieds.  and  water  which  is  admitted  to  them  from  this 
tlitcii  flows  along  the  bods  in  the  form  of  sheet,  covering  the  entire 
gnuind.    This  method  is  used  occasionally  for  alfalfa  and  truck. 
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In  the  tablet  system  of  irrigntion  the  ground  is  laid  off  in  rc 
pk's.  ciiileil  hililets.  fniiii  W  to  40  feet  wide  and  150  to  500  feet  Ion 
A«  the  lu'iiil  of  lhcs<'  tablets  is  the  ditch,  which  supplies  water  in  tut 
to  ditches  running  Ix'tween  tablets.  From  these  ditches  the  tablel 
«n>  watert^  b.v  making  cuts  in  the  hank,  from  which  tlie  water  i 
spn^ijd  out  to  irrigate  jiart  of  the  length  of  the  tablet.  Mlien  this  i 
wet  the  ditch  bank  is  closed  and  another  Ijreak  made  to  irrimit 
farther  down,  and  so  on  at  as  many  places  as  may  be  ncces.sarv  t 
irrigate  the  Held.  The  li.,uiulnrie-s  of  the  Ublets  running  lengthwia 
are  alternately  leve<'s  and  ditches. 

Thp  check  sysieni  of  irrigation  is  used  principally   for  rice,  utd 
sonu'tinies  for  alfalfa.     The  basin  system  is  iis«^d  to  n  limited  en 
for  the  irrigation  of  trt<es.     In  the  distribution  ^of   water,   in  son 
places  canvas  dams  are  used  in  lateral  ditches  to  cut  olf  the  lower 
of  the  ditch.     Some  more  penminent   installation,  such   as   w     ^ 
gales  and   drojjs.  wouhl   In-  (h-cidedly   preferuble,   as    the   ad< 
cost  of  installation  would  soon  be  saved  through  smaller  exnenditiir 
for  lal>or. 

The  following  table  brings  together  the  information  collected  I 
to  sizes  of  UhIs  and  tablets,  h'ugths  of  furrows,  etc.     The  abbred 
lions  in  the  c<i|unin  showing  kind  of  soil  ai\>  as  follows:  B.  S    bla-k 
sandy:  H.  W..  black  waxy;  S.,  sandy;  L.  S.,  light  sandy;  A.' 
vial ;  li.  I^.  black  loam. 

Irrigation  pmeliee. 


"HI 

1 


quired 

u>  ron 

throu»fh 

'urrow  or 

^•"1  or  into 

•"heck. 


Riii<t< 

•0(1.1 


io 

m 

at 

IMl 

•  U-wi 

•Arrcac*  3S. 
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No.  of 
pliint. 

System. 

Len^b  of  furrow  or  bud  or  area 
of  check. 

DlHtant-i" 
belwi*n 
furrows 
or  )iti<l 
width. 

'  Time  ro- 
Rateof       '.'"l^fn 

check. 

Kind  of          ^^H 

8t 

on 
n 

(B 

(W 

m 

OS 

im 

1(6 
1U8 

un 
imi 

Bed 

do 

do 

do 

do 

IIU  feet 

Fftt. 
12.0 
la  11 
lU  11 
IH.li 
13.0 
12.  U 
7,0 

Oallona 

mtnulr.     Minuter, 
S9J5                   a 

B.W.          ^^^H 

laOfeet 

Hl»1 
iiOII 

lM)fe«t  

h 

lOtMnifaet 

500  ^          ».a 

lUO-SOOfoet 

do 

Furrow 

Chock 

...do 

Tiiblet 

do 

do 

do 

laOfeet 

aaifoet  

f»Sl-5  acres 

1 • 

TolOaerra 

flOO-SOOfeet 

sac 

«K.O 

aa.0 

25.0 
4.0 

as 

M.0 

iie.o 

S8.0 

ai.o 

To  IJJOOfeet 

78) feet 

am  feet 

IIIK 

Parrow 

do 

Tablet 

.  .  do 

...do 

Bed       

600  feet 

830 
UO 

IS 

at 

lud 

160-30)1  feet 

im 

To  1,911  feet 

110.  7S 

aoofeet 

IIS 

IGU-ai)feet 

112 
114 
118 
117 

Jlti 

UO-jOOfoet 

1.000 

1R 

B^UTOW 

do 

do 

dn 

00  feet 

60-IiiOroet 

:::::":;;::::::  i::::: 

180-800  feet 

4.0 
1.0 
1.0 
1.8 
l.S 
1.5 
1.6 

XIO 
75 

5 

a(M0fe«t   

lilt         do 

aO-fiOfeet 

IS 

us 

Ul 
IM 

.:.:.di:: 

do 

do 

do 

100  feet 

«0 

160  feet 

8 

Vfr  foot                           .... 

laOfeet 

10 

400  feet 

300 

ao 

am 

uo-aio 

116        do 

128         do 

1»        1 do  

aXMOOfeet 

ao 

MIOfeet       

36(>  SUlfeet 

m       ' do 

131         do 

ISO-l.iViO  feet 

M 

85 

t 

1 

laufeet 

so 

m 

lao 

1ft 

40 

m 
vst 
m 

m 

1»T 

iw 

HI 
Hi 
Uh 
140 
IM 

do 

do  

do 

do 

do 

do 

Bed  

do 

Furrow 

do  

Bed 

ISOfeet     

aHlfeet 

aaofoot 

160  foot 

8 

1 

:jlI>-ano  feet  

^^^^ 

at-IKIOfeet 

^^^^^^H 

ill)  feet „ 

auofeet 

tl.O 

mo 
mio 

^^H 

^^1 

210  twt 

^^H 

186  feet 

n 

^^1 

fli  fnnt           

^^H 

j 

^W 

Experiments  mode  hy  the  United  States  De 
liiif  to  (It'termine  the  ainoiiiit  of  water  used  by 
il'rif;;ili()li    show    tluil    (he    furrow    svsli'm    rcnii 

partment  of  Agrieiil-              H 
he  various  sy.stems  of              H 
red   (•(lns^del■al^le   less               H 

wule 
fiirn 

flllT. 

vaiit 
siicli 
usf'd 
cro|j 
it   lei 

tO]>  1 

iiifl  ( 
cuhi 

f  thiin  Hoo 
>ws   reiiiiiiH 
nvs.     In  so 
ipe  owinj; 
consistenci 
The  tidv 
over  systi'i 
ives  tlie  St 
ayer  of  soi 
»iit  tiie  inU 
vat  ion  aiul 
3062a-No.  1 

hug  tlu'  land,  and  that 
'd   less  water  llutn    irrifj 
me  soils  the  system  of  fh 
to  the  hakinjr  of  the  ^\ 
J  as  to  hake  when  dry.  t 
antiip'-  of  the  furrow  s_\ 
ns  of  Hoodiiifj  are  that  it 
il  in  iiiiicli  iM'tfer  coiidi 

is  a  jjreat  heiielit  in  assis 
lis*'  hen)  of  the  sun.     In 

less  irrijjatioii  would  pr 
5&-fl5 31 

irrijrat 
ation 
odint;  i 
•nitml. 
he  fur 
stem  f 

it-qiiir 
tioii.     ' 
<ting  VI 

many 
[kIuw  \ 

on  by  means  of  deep              H 
jy   means  of  shallow               H 
'un  not  Ih>  ii.sed  to  ad-              H 
If  the  jrronnd  is  of              ■ 
I'ow  system  should  he             H 
)r  the  irri<ratioii  of  a              ^| 
L's  less  water  and  that              H 
rhe  finely  pulverized              ^| 
'fetation  and  in  keep-              ■ 
places  in  'IV.xas  more              H 
ery  beiietieiul  results.             H 

480 


IRRIGATION    .AND   DRAINAGE    INVESTIG.ITIONS,  1!)04. 


Ill  tilt'  tahlot  system  of  irrijariition  the  groitml  is  laid  otf  in  rectan- 
gles, allied  tiiblets,  from  30  to  40  feet  wide  tind  l.->0  to  "lOO  feet  long. 
At  the  hend  of  lliese  tablets  is  the  diteli.  wliieli  sii)j))lies  water  in  turn 
to  ditt-hes  running  between  tablets.  From  these  ditehes  the  tal>lets 
are  watered  i>y  making  cuts  in  the  bank,  from  wliii'h  ibe  water  is 
.spreatj  out  to  irrigate  part  of  thu  length  of  the  tablet.  WTien  this  is 
wet  the  ditch  bank  is  closed  anil  another  break  made  to  irrigate 
farther  down,  and  so  on  at  as  many  places  as  nniy  be  nece.s.sary  to 
irrigate  the  field.  The  bonndaries  of  the  tablets  running  lengthwise 
arc  alternately  lev(H»s  and  ditches. 

The  check  sy.steni  nf  irrigation  is  u.sed  principally  for  rice,  and 
sometimes  for  alfalfa.  The  basin  system  is  used  to  a  limited  extent 
for  the  irrigation  of  trees.  Tn  tlie  distribution  of  walcj-,  in  some 
phu'i's  canvas  dams  are  used  in  latci'id  dilrlies  to  cut  otf  the  lower  part 
(if  the  ditch.  Some  more  permanent  installation,  such  as  \Yooden 
gates  and  ilrops.  would  be  decidedly  preferable,  as  the  additiniial 
oust  of  installation  would  suon  bt-  saved  through  smaller  cx()ciiditurc> 
for  labor. 

The  following  table  brings  together  the  iuforuuition  collected  as 
to  sizes  (d'  beds  ami  tablets,  lengths  of  furrows,  etc.  The  abbrexia- 
tions  in  tlie  cohunn  showing  kind  of  soil  are  as  follows:  B.  S.,  black 
sandy;  U.  W.,  black  waxy;  S.,  sandy:  L.  S„  light  sandy;  A.,  allu- 
vial; B.  L.,  black  loam. 

Irrii/ation  praclic^: 


No.  of 
plant. 

Byatem. 

Length  of  furrow  or  bed  or  area 
of  check. 

DisUnce 

between 

furmwH 

or  bed 

width. 

Rate  of 
flow  ver 
furrow 
or  Iwd. 

Tlmsiv- 

quired 

to  run 

tbrouKh 

furrow  or 

bed  or  into 

check. 

Kind  of 

soil. 

1 

Check 

do 

do 

do 

do 

do 

Bed 

U&-I4  acres 

net. 

Oallont 
mmult. 

JirinHtM, 

B.W. 

X 

B.W. 

8 

To  4U  acres 

B  W. 

5 

1-U  acres 

B.W. 

a 

3-iSacr««  

n  W. 

IS 

B.W. 

19c 

adMixi  fi-et 

iri.o 

10.0 

B  W 

19d 

do 

Furrow 

do 

do 

t 

<!o 

4au  feet 

B  W. 

SD 



106 

U  W 

n 

SKtoet 

:;:::::;;::;:;::.:;: 

15     B.W. 

80 

asOfeot 

a^ll     B.W. 

81 

aoOfeet 

"aol:::::::::: 

8.5 

00-24(1     B.  W. 

a 

do         

To  (DM)     B  W. 

at 

do 

do 

Bed 

an  feet 

:<)-Mi     B.  W. 

8(.& 

300  feet 

8. 
B.& 

A. 

SB 

110  feet 

18.0 
U.0 

m 

do 

Furniw 

do 

Bed 

100  feet 

10 

a? 

ioo-anofeet 

A. 

:'8 

TWfeet 

W 
T 

an 

H-41 

«i».«6 

B.B. 

80 

100  feet 

ii'6 

3.0 
8.0 
1.6 
8.0 

as. 

4H 

Fumtw 

do 

do 

do 

do 

Bed    

do 

aUlfeet  

SO:M<lifeet 

s. 

40 

M 
S4 

L.8. 

53 

£4  feet 

B.B. 

64 

4T(lfeet 

B.a 

an 

TnOOOfeet 

aw. 

88 

4flU-;t«lfeet 

sn.o 

80.0 

A. 

87 

LWfeet 

A. 

I 


•Average  38. 
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Irrigation  practice — Continaed, 


Ho.  of 
PWit. 

Syatem. 

Lenstb  of  farrow  or  bed  or  area 
of  check. 

DlHtanc-o 
betwtx'o 
furrown 
or  l)ed 
width. 

Hate  of 
flow  per 
furrow 
or  bed. 

Time  re- 
quired 
to  run 
through 
furrow  or 
bed  or  Into 
check. 

Kind  of 

90U. 

88 

Bed 

do 

do 

do 

do 

do 

Furrow 

Check 

do 

ftblet 

do 

do 

do 

Furrow 

...do 

Tablet 

....do 

....do 

Bed 

im  feet 

Feet. 
l*.l) 
W.O 
10.0 
18.0 
16.0 
12.0 
7.0 

(laUont 
per 

minule. 
886 
MX) 
3U) 
HX) 
886 
600 

Minute*. 
9 

A. 

90 

lauftwt 

A. 

«1 

100  feet 

6 
4-a) 
5-0 
S-3 

A. 

S8 

lOO-aWfeet „ 

lOO-mifeet 

A. 
A. 

W 

l&Dfeet 

A. 

W 

HOrifuet 

A. 

98 

0iJV5a*Tes ,,,.    .„. 

A. 

101 

A. 

106 

BM)-«Wfeet 

m.o 

66.0 
80.0 
».0 
4.0 
8.6 
41.0 
85.0 
fl&O 
80.0 

106 

To  I.anfcet 

lor 

"aifeot 

m 

HOO  feet 

a. 

108 

aOOfeet 

880 

ISO 

is 

s. 

100 

l.MMIII  fwt 

B.W. 

110 

T<i],ailfw5t, 

B.W. 

110.75 

:«ll  feet 

B.L. 

IS 

i5ip-a)i>f(>i't 

B.  L. 

\\i 

la^aio  ft-et 

j.ooo 

16 

B.L. 

H 

Furrow 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do  

do 

do 

do 

do 

Bed  

do 

Furrow 

do 

Bed 

60  feet 

B.& 

t« 

flO-l.Tdfeet 

B.8. 

17 

ISO-SMI  feet 

i:h' 

1.0 
1.0 
1.5 
l.S 
1.6 
1.5 

no 

76 

S 

B.8. 

18 

80-4(1  feet 

8. 

aO-Mlfeut 

8. 

IQ 

lOOfeet       

60 

S: 

,  «* 

laOfeet 

8 

B.B. 

'  M 

22Sfeet      

B.& 

)l  N 

laufeet 

10 

B.B. 

Ml 

400  feet 

860 

80 

860 

UOAW 

aa 

'HB 

aiO-400feet 

&0 

B.S. 

un 

40nfeet          

8. 

Igl 

aai-fiiii  fe<?t 

B.8. 

Vk 

lS0-1.550feet 

laifeet 

&5 

1.8 

86 

4 
16 
« 

B.B. 

iM 

90 
80 
180 
15 
40 
45 

& 

131 

IgOfeet     

S. 

1» 

SOOfeet 



B. 

lit* 

880  feet 

S. 

la 

ISOfeet 

8 

7 

B.W. 

187 

aiO-SOOfeet     

L. 

140 

904«ll)feet 

142 

310  feet 

n.o 

10.0 

lli.0 

1.2 

80.0 

a 

144 

an  feet 

8. 

14& 

glofeet 

:::::::::::::::::::::: 

8. 

146 

1!!6  feet                       

S 

' 

S. 

146 

80  feet 

8. 



Kxperinients  made  by  the  United  State.s  Department  of  Agricul- 
ture to  determine  the  simount  of  water  used  by  the  various  systems  of 
irri^iitioii  show  that  the  furrow  system  ror|iiired  coDsiderabtc  less 
water  than  lluoding  the  land,  iintl  that  irrigation  by  means  of  deep 
furrows  retjuired  less  water  than  iri'lfjatioii  by  means  of  shallow 
furrows.  In  some  soils  the  system  of  thM)din<r  nm  not  be  used  to  tui- 
vantaffe  owinjr  to  (he  bakivin;  of  the  {rroiiiul.  If  the  ground  is  of 
sueli  eonsistencv  as  to  baiio  when  diy,  the  furrow  system  should  l)e 
used.  The  advantages  of  the  furrow  system  foi'  the  irrigation  of  a 
crop  over  sy.stems  of  flooding  are  that  it  retpiires  less  water  ami  that 
it  leaves  the  soil  in  mueh  lietter  (■nu<rition.  The  finely  pulverized 
top  layer  of  .-^oil  is  a  great  iM^nefit  in  iissisting  vegetation  and  in  keep- 
ing out  the  intense  heat  of  the  sun.  In  many  ])laees  in  Te.xas  more 
cultivation  and  le>s  irrigation  would  produce  very  beneficial  results, 
30620— No.  168—05 31 
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BITTY  OF  WATEK. 

The  quantity  of  water  ms«*(1  for  irrigHtion  varies  widely  in  differ- 
I'dt  piirts  of  the  country.  AV'here  it  '.s  ahuiKhuit  there  is  u  niitura! 
lendeney  to  use  it  to  excess;  wheiv  it  is  .sciirce  (he  reverse  is  found  to 
be  (lie  ca.se.  Results  of  tests  made  to  deteniiiue  the  depth  of  water 
us*'d  in  irrigpition  for  a  limited  niiitiher  of  ('a-ses  have  shown  that 
between  I  and  H  inches  were  used  per  irrigation.  \\'here  (he  higher 
limit  was  used  the  ground  became  exceedingly  tx>ggy,  and  crops  were 
j)robahly  dauiagi-d  by  the  excess  of  water.  Among  truck  farmers  it 
is  common  to  irrigate  once  in  7  to  once  in  14  days  in  the  driest 
weather.  Ten  days  will  re[>re.sent  a  fair  average  of  opinion  in  the 
matter.  \\'here  land  is  irrigated  so  often  it  will  of  course  require 
consiiierably  k'ss  water  per  irrigation  than  in  cases  wliere  irrigations 
aiv  far  apart.  The  (juaiitity  of  water  required  for  irrigation,  which 
was  commonly  measured  by  the  depth  to  which  the  water  would  cover 
the  land  wciv  it  evenly  spread  out,  depends  upon  so  many  factors — 
such  as  the  frequency  of  irrigation,  coiulition  of  the  soil,  kind  of  soil, 
seejiage  los.si's  in  ditches,  and,  la.st  but  not  least,  the  irrigator  him- 
self, that  it  is  not  easv  to  arrive  at  definite  conclusions  witli  remird  to 
I  lie  same. 

The  following  table  gives  the  averages  from  the  tables  showing  for 
the  various  crops  the  fre()ueiicy  ttf  irrigation,  the  number  of  irriga- 
tions per  season,  the  depth  of  water  applied  per  irrigation,  and  the 
dej)tli  per  .si>ason  : 

Dull/  of  iralcr  in  southern  Texas. 


I 


Crop. 

Frequen- 
cy of  Ir- 
riKation. 

Irrifca- 
finiiaiwr 
season. 

Depth  of  Dppth  of 

wator        waliT 

ptT  irri-    pt?r  seu- 

gatinu.        sou. 

Alfalfa , .". 

CanB ..i 

Corn „ 

antou   , 

^a« 

13 

le 
n 
w 

8 
5 
3 
3 

T 
U 

Inehet.       Feet. 

6.1        6.  re 

3.a             2.60 
4.i             1.68 

6.6          I.an 

«.  1             8.61 

2.4             1!.40 

A.  IS 

8»rKlinm 

18 
U 

4 
S 



a6 

«.8 

l.M 

4.8 

2.IIT 

I 


'  IrrlRSted  lean  frequently  early  In  the  aeasou  tbau  later;  the  averaxe  la  glren. 

It  will  be  noticed  that  thv  Hgiires  in  the  last  column  of  the  tal>le 
aiT  not  calculated  from  thn.M>  in  the  other  columns,  but  are  computed 
iiulependently.  The  Kgures  shuwing  the  depths  per  irrigation  are 
averages  of  all  statements  showing  thi.s.  while  those  showing  depths 
per  season  are  averages  <if  all  statements  from  wiiicli  the  total  for  the 
season  can  Ite  conijiiited,  'I'liese  averages  naturally  include  dill'erent 
plants,  and  hence  will  not  check. 
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Expressing  the  duty  of  water  in  the  flow  required  per  acre,  rather 
than  in  depth  of  water  received  by  the  land,  the  statements  from  the 
plants  reported  on  give  the  following  averages: 

Rate  of  water  supply  per  acre. 

Area    irrigated norcs—  25,030.50 

Rate  of  supply Kalloiis  \vir  minute--  .'{03.320.00 

Corre8i)onclinK  rate  of  supply  |)cr  acre do 12.  10 

Straight  average  rate  of  supply do IG.  40 

Average  depth  of  irrigation feet..  2.07 

Average  irrigation  factor" l)eri-ent—  15.10 

LABOB  Ain>  COST  OF  IBBXOATINO. 

The  following  table  gives  averages  made  from  the  data  secured 
relating  to  the  labor  required  for  irrigation  and  its  cost : 

Cost  of  labor  jK-r  day $0.  .5J) 

Labor  i)er  irrigation  \^ev  acre days—      .42 

Cost  |)er  irrigation  i)er  at-re $0.31 

LalK)r  for  Irrigation  \)or  aero  iK»r  j-oar days..     3.07 

Cost  for  irrigation  iH>r  acre  iier  year $1.00 

CHOP  BETXTBNS. 
The  following  table  shows  the  average  crop  returns  per  acre: 

AHsnmedi  Value  of 


Unit.  „iii/f»  value    ,  crop  per 

yiems.      pemnit.,     acre. 


Alfalfa    - Ton i  J5.»  ,  $15,00  1  I88.B0 

Corn BuKhel «.0  .fiO  SM.M 

Cotton Bale '  .Hi  50.00  i  40.00 

Johnson  nrraiw Ton 3.0  12.00'  88.00 

Onions.. Pound 18,618.0  i  .02  i  37«.«4 

Rice do 8,140.0  .08  |  42.H0 

Sorghnn? Ton 4.0  ,... 


■|- 


ONION  CTJLTUBS:. 


While  only  a  small  percentage  of  the  area  reported  upon  is  devoted 
to  onions,  the  last  table  shows  that  this  crop  yields  by  far  the  largest 
returns  of  any  gi'own.  This  fact  and  the  great  interest  taken  in  onion 
culture  in  certain  sections  led  to  the  collection  of  information  as  to 
onion  culture.  The  following  tallies  give  the  returns  .secured  by  six 
persons  who  were  irrigating  onions  and  the  expenses  incurred  in  rais- 
ing the  crops. 

«  Ratio  of  tlie  given  deptli  to  tiie  deirth  to  which  the  land  would  have  been 
<.-overe<l  l)y  the  given  volume  flowing  continuously  for  one  year. 


484 


IRRIGATION    AND   DRAINAGE   INVESTIGATIONS,  1904. 
Rettinig  of  onion  crop. 


Area. 

Gro»  yield.    ^J^ 

Ttoldper 
Acre. 

Retnrna 
per  acre. 

tS41.8S 
416.67 

880.00 
808.30 
810.00 
257.08 

ArrtM.  \     Pounds, 
T5          1,482.500 

8 1        iao.u(in 

40  1        l.Sm.lM) 

13          4M.(a) 
so  1        KO.om 
IS         ei3,im 

la.ooo 

8.800 
88.010 

9.000 
lS.iM) 

»,H4e 

POUHdM. 

M.SflO 
80.000 
3ft.  («) 
34.300 
£5.(U) 
IT.IM 

167 

8,IXU,SO0 

78,649 

23,718 

470.% 

Approximately  500  awes  were  pliinted  in  onions,  the  average  yield 
reporletl  beiiiff  ^0,4)i7  pounds  per  sirre,  giving  a  gross  yield  of  10,- 
000.000  i)t)nn(ls  in  t!te  year  l!i(i4. 

The  following  table  ."^hows  tin-  average  cost  iJer  acre  of  raising 
onions,  a.s  well  a.s  the  gi'o.ss  and  net  returns: 

CitKl  iif  riiiniiHi  (iiiiniiH, 

Per  norc. 

I'liiwfiin  nml  1i;u't'(nvliij; $2.00 

IjijIiih  iifT  Ueds  or  furrows 2.tXI 

Eleven  cultivntlons r».  00 

TraiiHi>liUiting 10.36 

nnrv<>.stiiiR 12.95 

FcrtiliKcr 15.87 

IrriKiitloii  wnter 25.  55 

Lulior  for  IrrignfiiiB  U  times .T41 


Totnl  83.14 

Interest  on  investment  In  lanil,  7  [wr  I'ent  on  $30 2. 10 


Total  85.24 


Uflirrns:  20,4!>7  imiimls  at  "J  i-eiitx  jier  [H)un(I 4t)H.t>4 

K.viiciisfx    .^i, : 85.24 


k 


Profit — 324.70 

The  co.'it  of  irrijration  water  is  ennsiderahly  higher  than  it  should 
be,  owing  largely  to  the  fact  that  the  pnni|jiug  stations  installed  are 
considerably  larger  than  recjnired  for  the  areas  irrigated,  and  the 
fi.xed  charges  of  plants  are  correspondingly  high. 

RESERVOIRS. 

Many  artificial  reservoirs  built  of  earth  are  in  use  in  irrigation  in 
Texas.  .*^onie  nf  them  are  siipplietl  with  water  by  windmills,  while 
others  derive  their  su])|jly  from  puinjied  and  artesian  wells.  In  most 
of  this  work  considerable  care  lias  been  taken  in  construction,  and  as 
a  rule  tanks  of  this  natniv  have  been  fairly  siteeessftd.  There  an', 
however,  several  iustani'cs  whri'e  the  soil  was  nnfavoralile  and  the 
construction  poor,  where  dithcnlty  has  been  experienced  in  making 
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reservoirs  wnter-liplit.  Tlio  iisiuil  iiu'thcnl  of  (Mnistniction  is  to  i)low 
down  lo  IJH'  clay  mikIit  tlic  l);iiik  of  the  reservoir  to  make  a  t\fi\\t 
joint  iunl  then  tiuii])  the  Imiik  ihonmirhly  ilnring  constriietiori  \>y 
tile  (eiinis  iiiakinjr  :)  circle  of  the  reservoii-  after  haviiifi  ilinnped 
their  lomJs  of  dirt.  Sutnetinies  si  layer  of  clay  is  ])laeed  on  the  inside 
I)niik  of  the  reservoir,  and  in  other  instances  dirt  iilone  is  u>ed  in  the 
foi-ina(ion  of  the  hunks.  Some  of  the  reservoir  lianks  are  eonstrncted 
of  l)hick,  waxy  soil  having  snitable  consistency  without  the  lulditiim 
of  cIhv  to  answer  all  the  requirements.  Shonld  the  clay  be  ii.sed  in 
reservior  eniiiaiilvments  (he  best  place  in  whicli  to  [iiit  it  is  the  center 
of  the  liiink,  wliere  it  will  Ik'  protected  from  the  air  and  where  thi're 
wonld  Im"  no  (huijuer  of  cracking.  xV  tliorough  joint  shonkl  Iw  made 
between  the  enilwnknient  of  the  reservoir  anil  the  ground  itself.  If 
the  gronnd  is  of  snch  natnre  that  it  would  not  hold  water  a  trench 
shonld  lie  dng  to  the  nearest  iniixTvions  stratum  and  a  prnper  joint 
made  tliere  with  the  bank.  In  some  of  the  reservoirs  vvh,:re  trouble 
has  Ix'en  exiierienced  in  making  tlic^m  water-tight  this  has  been 
n>medied  by  puddling.  (>v  (h'iving  sttK*k  around  insi<le  while  the  soil 
is  wet.  One  large  reservoir  with  clay  stratum  below  liie  gn-und 
appeared  to  be  on  porous  ground  and  water  went  through  it  like  a 
sieve.  After  tamjting  and  [inddiing,  however,  no  difficulty  wa^;  ex- 
jM'riencod  in  making  it  water-tight.  In  many  of  the  it'servoirs  of 
Texas  borrow  [lits  for  the  banks  have  been  made  on  the  inside.  As 
it  is  impossible  to  empty  these  by  gravity  tliey  are  fre(|uently  stocked 
with  fish. 

Near  Heeville,  where  the  soil  is  largely  of  a  sandy  consistency, 
some  difficnlty  has  been  experienced  in  nuiking  the  reservoirs  liold 
water.  Stimo  of  the  rest^rvoii"s  have  been  lined  with  a  coating  of  tar 
to  make  them  water-tight.  A  descri|>tion  of  the  method  of  mixing 
the  lining  is  given  under  the  liead  "  lieeville  "  (j).  404). 

Most  of  the  reservoirs  in  use  in  the  i-egion  investigated  have  been 
constructed  with  a  slope  of  1  to  '2  or  1  to  IS  inside  and  outside.  This, 
in  many  cases,  is  too  steep  for  the  slope  on  the  inside  of  tlie  reservoir. 
This  eventually  results  in  the  oiving  of  tlie  banks,  which  finally 
asisnme  a  more  gradual  incline.  The  [U'ofn'r  slope  to  give  the  bank 
of  a  reservoir  depends  largely  upon  the  material  of  which  the 
banks  are  ecuistructed  as  well  as  on  the  wave  action  on  the  sides.  As 
a  rule  1  to  3  on  the  inside  and  1  to  2  on  the  outside  will  give  suitable 
proi>ortions.  \^'here  reservoirs  are  of  any  extent  the  banks  should  lie 
protected  against  the  action  of  waves.  The  usual  method  of  protec- 
tion is  the  use  of  riprap,  laid  on  about  10  inches  in  thickness,  made  of 
as.sortcd  sizes  of  rough  stone. 

Contracts  for  reservoir  construction  are  commonly  let  by  tlie  cubic 
yard  of  earth  handled,  the  average  cost  of  most  of  the  reservoirs 
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hfifi^  10  cTiitN  |)i'r  yard,  most  of  tlie  fiirtli  Keing  ohtainod  near  by, 
iifcassiliiting  only  short  hauls.  In  the  (■(H)i[»irtntioiis  following.  10 
cents  per  ciihic  yanl  will  Uv  assiinicil  us  ihc  <'0sl  of  nil  such  work, 
(hough  witli  high  I'nihiinkuu-nts  iiii<t  longer  hmils  the  cost  will 
inci'casf:  hut  for  t'iiil»i»nknR>nls  up  to  10  fi>(>t  then'  shoiiUl  l)e  no  niato- 
riul  increase  in  coat  of  eonslrni'tioii.  Tlie  earth  or  clay  for  embank- 
inenls  is  iisnally  ])lowril  !in<!  then  haiidled  liy  ilrag  scrnjM'rs. 

Reservoir  <':i|iiirity  with  reference  lo  the  size  of  a  given  plant  may 
Im'  eoiivcnieiilly  reckoned  in  terms  of  the  ininiber  of  hours  tin'  total 
flow  from  the  siip[jly  of  water  will  re((nire  to  Hll  (he  reservoir.  The 
total  area  irrigated  l»y  the  aid  of  iir(itieial  resei-voirs  is  in  the  neigh- 
borhood of  2,0t)0  acres.  One  of  the  most  impojtant  factor.s  in  improv- 
ing the  ir-rigation  facilities  of  (he  coimtrv  and  ntili/.ing  its  resources 
to  the  fidlest  extent  is  the  jiulicious  us<'  of  resi'rvoirs,  Xatrtral  reser- 
voir sites  are  few  «nd  often  inconveniently  Uwiited.  In  much  of  the 
country  in  Texas,  on  the  other  hand,  artificial  reservoirs  may  be  built 
entirely  in  einlmnkinent  where\cr  desired,  provitled  the  subsoil  is 
snitahle  for  retaining  water.  These  reservoirs  could.be  used  for  the 
storage  of  artesian  widl  water,  river  water  su|)[ilied  by  gravity,  or 
pumped  water.  A  study  of  the  use  nuide  of  artesian  well  water 
indicates  that  of  the  wells  which  are  used  for  irrigation  (miy  about 
L'O  jier  i-ent  of  the  total  available  watei-  sn])p!y  is  actually  utilized,  the 
remainder  going  U>  waste,  although  nnder  present  conditions  the 
wells  themselves  may  have  reached  their  practical  limit  of  irrigation. 
In  other  \M>r<ls,  throughout  a  grejit  part  of  the  year  well  water  not 
ilesired  for  irrigation  will  go  to  waste.  Artesian  wells  will  be  subject 
to  a  certain  anntial  e.xjien.se  which  will  re|>resent  the  cost  of  the  total 
amount  of  water  fui-nislied  by  them,  and  which  will  be  taken  at  I'i  per 
cent  of  hrst  co.st  for  all  wells,  nunle  u]j  of  7  per  cent  for  interest  and 
taxes  and  5  per  cent  for  depreciation  and  repairs,  the  latter  to  incbide 
all  possilile  ctists  in  connection  with  the  wells,  such  as  sand  pumj)ing, 
etc.,  as  well  as  the  elements  of  depreciation  of  wells  due  to  deteriora- 
tion of  casing  and  to  the  supply  falling  otf,  owing  to  increased  numlwr 
of  neighlxiring  wells.  The  annual  cost  of  the  well  is  inili']iendent  of 
the  amount  of  water  olitained  from  it.  Thus,  if  oidy  one-fifth  of  the 
well's  supijiy  is  used  the  water  [wr  unit  of  volume  will  be  five  times 
as  ex|)ensive  as  if  the  entire  supply  were  used.  While  large  simis  of 
money  have  Ik'cu  expended  for  artesian  wells,  little  has  been  ilone  in 
(he  way  of  utilizing  the  resoiu'ces  of  these  wells  to  anything  like  their 
fullest  extent. 

The  constritction  of  rest>rvcirs  in  general  is  a  thing  which  should 
not  be  gone  into  in  a  haphazaril  manner.  The  conditions  of  the  case 
should  lie  carefully  stmlied  from  the  staiulpoints  of  rainfall,  evapora- 
tittu,  seepage,  time  and  amount  of  the  water  supply,  and  time  and 
duration  of  the   irrigation  sea.son.     One    vei'y   obvious  method   of 
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increasing  the  usp  of  woll  water  is  liy  means  of  iliverMfied  fjirming, 
by  |>lantinjr  crops  iH'tiniring  water  at  ililfei-eiit  i)ei'io(ls  of  tlie  year, 
instead  of  attempting  to  raise  one  crop  only  which  will  require  irriga- 
tion for  a  lirief  period. 

Tliroughoiit  Texas  tliere  are  many  districts  where  at  certain  seasons 
of  the  year  large  amounts  of  water  run  to  waste,  while  at  other 
seasons  tlie  rivers  run  |>rai'tieally  dry.  In  most  localities  no  natural 
reservoir  sites  are  obtainable,  and  lo  store  the  water  wonld  necessitate 
the  construction  of  entire  artificial  reservoirs,  as  well  as  the  installa- 
tion of  pumping  i>lants  to  raise  the  water  snfiieiently  to  flow  into  the 
reservoirs.  A  study  of  the  possibilities  of  resiTvoir  construction 
indicates  that  such  a  water  supply  may  lie  turned  to  the  greatest  prac- 
tical advantage  at  a  cost  for  irrigation  water  considerably  below 
present  Hgures  for  pumping,  and  that  laiuls  hitlu-rto  without  an 
available  water  supply  may  experience  the  beneficial  effect  of  irri- 
gation. 

A  sunmiary  of  the  reservoir  data  shows  a  gross  capacity  of  123 
acre-feet  for  35  reservoirs,  the  total  cost  of  construction  l)eing  $0,033. 
These  reservoirs  aided  in  the  irrigation  of  1,704  acres.  The  average 
cost  <tf  rest-rvoirs  per  acre- foot  was  $73. 

In  consideration  of  the  use  of  reservoirs  with  artesian  wells  it 
.-hould  be  borne  in  mind  thai  artesian  jiressure  will  raise  the  water  in 
the  well  witliout  ilow  a  certain  height  above  the  ground  level,  known 
as  the  static  head.  It  is  this  lu'ad  which  is  effective  in  creating 
pressure,  causing  tln'  tlow  of  water.  Sliouhl  the  static  head  1k'  large, 
a  few  feet  additional  pressure  against  the  well  will  not  have  a  great 
effect  upon  the  discharge,  but  should  it  be'comparatively  small  the 
additional  jiressure  of  a  few  feet  of  water  would  materially  affect  the 
output. 

The  |)ipe  supplying  the  reservoir  shoidd  therefore  not  be  taken  over 
the  top  of  the  reservoir  bank,  as  is  coimnonly  done:  it  should  be  taken 
into  the  res<'rvoir  through  the  liaiik  at  the  lowest  point,  in  order  that 
the  maximum  pressure  operating  against  artesian  How  may  be  as  small 
as  possil)le  while  the  reservoir  is  filling  up.  If  (he  static  head  of  the 
well  is  very  low  an  outlet  should  bi-  provided  from  the  well  directly 
into  the  ditch  used  for  irrigation,  and  a  valve  should  Ihj  placed  between 
the  well  and  (he  reservoir  in  order  that  when  (he  well  is  dischai'ging 
into  the  ditch  it  may  not  have  to  supply  water  against  the  additional 
head  caused  by  the  water  in  the  reservoir.  Also,  a  separate  discharge 
sh(»uld  lie  provided  from  the  reservoir  itself.  This  would  necessitate 
at  least  three  valves.  Where  [liping  is  taken  through  the  bank  into 
the  reservoir  care  siiould  Ik-  taken  U>  so  design  the  connections  that  it 
will  luit  l>e  neces.sary  to  di.sturb  this  piping  in  any  way  to  get  at  any 
of  the  valves  or  at  the  well  itself.  For  this  reason  the  pipe  entering 
the  reservoir  should  be  provided  with  a  flange  coiuiecliun.     -\jiy  tend- 
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ciloy  to  disiliirli  the  pipe  whorp  it  passes  thruiiph  the  reservoir  hank- 
is  liulile  ti(  start  a  U'ak,  ivsultiiip:  in  nmcli  troiitile.  Tlio  pi]jin<r  ]<'a<l- 
ing  from  the  wells  s!>onUI  lie  arraiifjed  in  siieji  a  manner  lluu  ihe 
interior  of  the  well  wkuKI  he  easily  iKvessible.  For  this  |)tiri>ose  a 
vei'tical  T  wilh  (he  plii<r  in  the  top  end  or  else  reiiiovaide-llanfje 
connections  sliunlrl  he  provided  in  order  to  allow  access  to  the  inside 
of  (he  well  slmuld  it  lie  necessary  lo  sanil-pninp  the  same.  Preean- 
tions  slionld  always  be  taken  ajrainsl  inalieioiis  or  (honirhtless  p<'o(ile 
throwing  thinjis  down  the  w<'ll.  In  smne  of  the  wells  which  the 
writer  saw.  the  top  of  the  casiiif.'  was  provided  with  an  elhow  con- 
nected wilh  horizontal  pipe  whi<-h  went  throiifrh  the  reservoir  !)ank, 
all  joints  Ijeing  screw  joints,  no  (lanfre  conpiinfrs  heing  used.  Were 
it  ever  desired  lo  get  at  these  wells  il  would  he  impossihle  to  do  so 
without  disturbing  the  earth  anunul  the  j)i|)e  which  enters  the 
re.servoir.  This  method  of  construction  should  by  all  means  be 
axoided. 

ARTESIAN  WELLS. 

The  ffdiowing  table  gives  information  as  to  the  cost  and  capacity 
of  antl  area  irrigated  by  various  artesian  wells  in  Texas: 

I  Crmt  uf  artrnlaii  icrllH  hi  Trxim. 

I  AvPi'UKP  co«t  iH.T  ^iilltm  |pei-  iiiitniti-  islniinlit  iivemge) $21.02 

I  Averiijje  cttst  iter  kuIIou   per  iiiliuUe  for   irrlKulloii   wells" 

I  (weiKliti'il   iivenise) - $8.  .TO 

I  Areii   irripiteil acre«—    1,-MKi 

I  Avenige  {•out  iM>r  arre  irriKati'il  tstnOjilU  iiverage) |71.<K) 

I  Averiigo  cost  i>er  ucfe  Irrittiitetl  ( weiKlUii]  avernse) JST.  77 

I  Annual  cost  |>er  aeiv  irrigated $S.  <B 

Average  i-cwt  iwr  acre-foot ?2.  8(5 

In  order  to  simplify  the  work  of  calculation  it  has  Iwen  assumed 
that  Ihe  wells  to  certain  depths  cost  a  certain  anHinnt  per  foot  and 
that  deejMM-  wells  cost  a  certain  additional  amount  per  foot  of  total 
depth,  which  varies  for  each  additional  10(1  feel.  This  method  is  not 
very  accurate,  but  as  the  Hgnrcs  are  only  approxinutte  am!  the  <'ost  of 
Ijoring  is  liable  to  vary  considerably  for  diHerent  wells  of  Ihe  same 
depth,  the  figures  may  he  regarded  as  sufficiently  accurate  f<u-  pnie- 
lical  [jurposes.  The  following  i>[»ijroxiuuite  assumptions  ha\e  been 
made  in  (igui'ing  ihe  cost  of  boring  C-inch  wells: 

Kliiu  ami   fieiiedy   riiinlu's; 

^fl.tMl  (icr  fiilll  to  iHiofwt. 
1  1ll|t<'V  foul  1.1  1.<HHI  fci't. 
1.2(1  per  fool  to  1,UK>  feet. 

"  Wells  delivering  7,018  giiUonH  per  tulnnte  cost  ?03,272. 
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King  null  Kpneily  ranches — C'ontiuuetl. 
*l.:iii  iit'i-  f(KJt  to  l.'ifK)  feet. 

1.4<>  Iter  ffidt  ti>  \:M»)  feet. 

l..'Mi|M'rf<«>t  111  1.4l)((  fiH't. 

l.i'ii)  Iter  I'lHit  tri  1.,%l«)  fift. 
Around  rjirrl/.ii  Siirinn.H: 

$1.|KI  jitTl'iiiit  Id     4»MiffH. 

I.IOIKT  foiit  l<i     r.(»i»  fwt. 

1.2()  pt'r  foot  to     (Hiofeet. 

\:.Vi]H'vftHttU<     7(Kirt>ct. 

1.441  r»Pr  *■""' '"     f«"'t't*t. 

Lailwr  foot  to     ".KMifwt. 

l.tJO  |ier  fiMjt  to  l.iUHl  ffOt. 

The  following  summary  shows  the  cost  of  irrigation  and  the  irri- 
gation fiK-'toi-s  of  11  few  iu-tesian  wells  in  the  vicinity  of  Carrizo 
Springs : 

Cunt  fif  irrlt/atitni. 


No. 

Orait  of  weU 

Annual 

coet  per 

acre. 

Irrigation 
fw-tor. 

Per  gallon 

per  min- 

nte. 

Per  acTB- 
fontuned. 

128.  . 
Ut... 
128... 
ISO... 

18. 77 
B.U 
8.W 
8.95 

II.  OS 

«.m 

1.17 
1.74 

12.71 

8.73 

1.48 

.83 

F*Tixnt. 
40.8 
10.8 
18.2 
16.0 
12.  S 
17.0 
27.8 

186... 
187... 

Tota 
Ayo» 

ii'.a 

15.  (» 

5.  OB 
4.0B 

7.64 
4.111 

1...  U.78 
■age.    7.46 

17.18 
2.88 

21.10 
S.S8 

142.6 
20.4 

PUMPED  WELLS. 

The  following  snininai'v  gives  information  on  the  cost  nnd  output 
of  pinnpetl  wells.  The.se  have  been  rated  a1  (lie  cost  ])er  gallon  per 
minute  rate  of  pumping.  It  should  be  iMirne  in  mind  that,  provided 
the  well  cajiaeity  i.s  not  exeeedetl,  this  etist  is  depemlent  upon  the 
nipacily  of  the  pump  installed  and  is  not  Hxeil,  as  is  the  ca.se  willi 
artesian  wells. 

VdhI  III  /iiiinped  irelh. 

Avernse  cost  per  riiIIoh  per  tniiiute  (stnilulu  nveraup) $<>.  13 

.\vennr<'  eiist  jicr  «jillitii  per  iiilinite  (  weinlileil  iiveraijt') $2.75 

Area    lrripit(Hl._    acres.-        r>S4 

CoMt  per  iHTc  Irripited   iKtnilRlit  average) $15.25 

Cost  Iter  aer<>  irrtKatisI  (weitrliteil  mcrii>;e) $14.70 

It  will  Ih"  noted  that  the  cttst  per  gallon  jjer  minute  is  oonsiderahly 
less  tliaii  the  au-ivspondiiig  cost  for  artesian  wells,  IxMug  practically 
one-third  as  great.  To  this  must  be  added  the  ro.st  of  pumping 
maehinery  Ut  niidce  a  eomparison. 

The  average  cost  of  immping  phint.s  as  .shown  by  the  report  is  as 
follows. 
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C'o«(  of  iiumfiiiif/  lilauts. 


DoscTlptlon. 


fitfkm  plants: 

Wood 

Coal 

Oil 

Electrlr  plauts 
OaaoUnf  j>lant8. 


Aaggmed 

cost. 


•lOB.BM) 
18,800 
85.800 

s.nnn 

19,140 


Total. 


SH.UD 


Area  irri- 
gated. 


Acra. 

«,7W.6 
«K,0 

S.  1011.0 
4UI.U 
4A3.fi 


u,eiB.o 


Nam- 
her  of 
plants. 


irsKecoat 
OTigated. 

Straight.    Weixhted. 


ITR.S 

Wt.TS 
15.00 
T.SO, 
ll«.40  I 


u.«> 

16.78 

T.M 
30.  SB 


88.Si 


14.lt 


From   tin-   above   tablt'H   llie   following  comparative  .statement   is 
made  up: 

i'tiiHiiunitiiv  riml  iij  urtiyiiiit  iiihI  itiiiitjiril  irrlln. 


I 
I 


ATaratre  ooat  of  pumped  wells  and  machinery  per  acre  irrigated . 
ATerage  ooat  of  artealan  wells  per  acre  Irrigated 


Straight.  1  Weighted. 


1108. 4S 

n.oo 


l».<n 

67.  TT 


Till'  wtilc  difference  l>etween  the  straight  and  weighted  averages  of 
the  fost  of  ]iiiinping  plants  is  <'nus»'d  h\  tlie  extremely  high  eost  for 
.^orne  of  the  small  pumping  plants.  One  |»lant,  watering  hut  4.") 
acres,  cost  $778  j>er  acre,  while  the  largest  plant  jneluded  waten'd 
O.noo  aeivs,  at  a  cost  of  $«>  per  acre — 0.77  of  1  per  cent  as  much  as 
ihc  small  plant. 

PUMPENO  PLAKT8. 

The  following  table  summarizes  the  data  on  tlie  apparatus  installed 
and  the  capacity  of  the  various  pumping  stations,  a.s  well  as  the  irri- 
gation factors.  The  capacity  of  the  ])umps,  in  gallons  ]ier  minute 
per  acre  irrigated,  is  calculated  fnnn  the  total  capacity  and  the  area 
actually  under  irrigation.  The  irrigation  factor  was  calculated  by 
dividing  the  total  hours  run  ])er  vear  by  SjtJO.  the  nmnher  of  hours 
in  11  year.  The  investment  in  [uunpiug  plants  was  approximately 
$;31(),0()(l. 

Vapuvity  uf  pumiiinu  iiUint». 

Aren    lrrl>!nte<l acres.-     17,100.0 

OriiNS  <-:i|mcit,v  of  ImUers lioi-st-power..       Ti,  73'J.  0 

iSteiiiii  euuiiifs total  liurseiKiwer..      4,227.0 

(Sawilliif  ••ii(!im"s do 181.  0 

Water  irmtrirn do 22."i.  0 

Electric-  motors rto 100.0 

Steiiiii  eiiKines nuinlier  of  iilauts..  31.0 

GQi«>liiu'  eiiKlues  do 28.0 

Water  iiKifoi-x do 1.0 

Elerlrlf  motorti do 1. 

Steiiiii  dwiiies average  horsepower l.'ttl.  0 

Oiisoliiif  t'tiKiiieH do ■       rt.  0 

Wiitt-r  niotiirs do 22.">.  0 

Ekttrle    laotors do UIO.  0 


I 

I 

I 
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I       Gross  CBpneiry  \>f  imiiips gallons  per  nilnute.. 
Averagu  [luuiji  iMipiH-Hy do 
AveriiK*'  |mini»  ciiimt'lty  jier  ucre  (strnlglit  nvcrngc),  giil- 
kius  iM'f  iniuiiti' 
AveriifTf  iniiuii  caiiaulty  (ler  acre  (welKlitecl  average),  gnl- 
IlHlS  |>I_T  lllillllt)' 
AveraKH  dally   rnii honm 
Average  Irriaatioii  faetor per  cent,- 
The  ; 


491 


2155, 992. 0 
3,040.0 

21.4 

14.3 

15. 1) 
14.0 


The  following  table  gives  data  on  capacity,  lilt,  and  water  horse- 
power of  varimis  plants,  as  well  us  the  cast  of  fuel  consumption  per 
water  horsepower.  Tlie  water  horsepower  is  cnlcnhiled  hv  dividing 
the  prodnct  of  the  capaeily  in  gallons  per  minute  ami  lift  in  feet  by 
3,960  and  making  no  allowance  for  losses  of  head  in  the  piping. 

Con»umpti(m  of  fuel  per  water  horseimirer. 


Pnel. 

^IS?"" 

Water  horse- 
power. 

1 

CqiuiaiDpHon  of  foel 
per  water  *  horse- 
IJowiT-h.inr. 

Cost  of 
fuel  per 

Cost  of  fuel.             ]JJJ^- 

power- 
hour. 

Steam: 

ST* 

M 
46 

fM8 

i.cm 

ai.4 

33.1 
M7.0 

(i.maascord  

at.BOailpnnnclB 

.Ce4s!Ub»rrel 

%\.Vi  per  cord 

1 .  .V  jJer  ton     

in.n!7 

.OBI 

on 

.»*2per  barrel 

.(HD 

ToW..-. 

Wat*r 

Electricity.... 

OaaoUne 

40 
42 
46 

84 

Z.IW  '         KM 
100           W.H 

!a        at..i 
00          s.1 

E.  iSOon  horsepower- 
hours. 
.SOUnKaUon 

.007,1  per  horse- 
power-hour. 
.15tlU{ier  KolloD.... 

.OIT 
.088 

Totrt— . 

ao 

2,411            3i.« 

It  will  be  noted  that  the  cost  of  wood,  coal,  and  oil  was  particularly 
low,  but  gasoline,  fm  the  contrary,  is  neces.sarily  an  c.n pensive  fuel. 
A  very  large  .siving  could  be  made  in  the  opei'aticm  uf  gasoline  plants 
by  the  use  of  dislillate.  which  is  nearly  us  etlicient  as  gasoline.  How- 
over,  this  is  an  article  which  is  .scarcely  kntiwn  throughout  Texas, 
Ihongh  quite  connnonly  itswl  in  C^difornia. 

Rased  on  the  (igure>  given  in  the  fuel  table  in  the  cidumn  "  Xuni- 
Ix^r  of  B.  T.  U.'s  per  i)onnd  "  f  p.  'M'\\\].  (he  following  are  the  weights 
of  the  vari<ins  kinds  of  fuel  retpiired  to  generate  1  horsepovver-huur 
provided  the  eflicii'Ucy  were  100  per  cent: 

llfiil  ntliif  iif  fiirh, 
1 1'Duiul  per  linrsepiiwer  lunir  ] 

Coal: 

McAlester    0.180 

I^lilgU    .214 

Eacle    Tnss .247 

HcH'kilale    .411 

Lytle    .530 

forr    - -     .309 

LiireUo   .300 

on    133 

Wood    - .«56 
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Allowing;  'MO  pounds  of  nil  [kt  Imrrt'l  would  rpquiro  nndor  the 
siiinc  cdiiditioiii-  ().()(K)4-"5()  Itarrt'l  per  horsi'pttwiT-lioiir.'  Allowing 
3,5()0  pounds  of  wood  [kt  cord  would  correspondingly  require 
O.OOdUil  cord  of  wood  ]>cr  lior.-^'powi'r-liniir. 

Tlic  losst".'^  of  eflicieiicy  in  a  pumping  plant  may  be  segregated  in 
llic  following  nianner: 

( 1)  Los-scs  in  the  l)oik>r  iind  iiif)in;a:. 

{'2)  Lo.sse.s  in  tlic  cylinder  of  the  stciiin  cugiiic,  due  to  condensa- 
tion, etc. 
■  (H)  Los.se.s  in  the  niochiitiical  efficiency  of  the  engine. 

(4)  Losses  in  thv  belting  and  pump. 

( "»)  Los.ses  in  the  piping. 

'I'he  most  imiiorlant  loss  of  heiit  is  one  which  i(  is  theoreticidly 
inipossilile  to  iivoitl.  I)ut  whicli  may  In*  ivduced  l>y  incn-asing  the 
jiressure  of  stenm  supplied  lo  the  engine  by  suix'rheating  or  by  the 
use  of  condensers.  Tiie  following  tidile  gives  the  theoreticiil  effi- 
ciency iind  st«'iini  consumption  in  pounds  |)er  hour  for  various  jurs- 
sures  of  steam  supplied  lo  the  engine,  taken  from  Peabody's 
Thermodynamics  of  the  Steiini  Engine: 

EfUcicncy  ami  <-iiii/<iiiiijilkiii  tif  u  /irrfrrt  steam  riigiiir  upcrntiiig  un  the  Camot 

ci/clc. 


I 


1 


Initial 
preesore 
bribe 

above  thu 
atni(i8- 
phore. 

OoodeoalnK  enginea. 

NoncondenslnK  en- 
ifinea. 

Efficiency. 

Pound*  of 

8t«am  per 

bonepow- 

or-huor. 

Efficiency. 

Ponndaof 

steam  per 

homepow- 

er-honr. 

Ifi 

an 
w 
ion 

IMI 

0.188 
21fi 
.24)1 
.278 

.ant 
.am 

.847 

14.8 
128 
11.4 
11).  5 
S.tl 
U.5 

0.nfi8 
.(M 
.124 
.167 
.IMS 
.207 
.2H8 

60.  B 
.v.  8 
2S.9 

18.4 

ia.0 
14.  s 

K 


Tlie  theoreticid  figures  can,  of  course,  never  be  attained,  lint  serve 
merely  as  a  standai'd  of  coni|)arison  for  the  actual  residts.  The  fol- 
lowing iigures  may  in'  taken  to  represent  approximately  average  con- 
ditions which  should  olitaiu  in  pumping  |>hiuts  installi'd  in  Te.xas, 
consisting  of  noncondensing  steam  eiigiiit'  driving  centrifugal  pump: 

Efflcicncie*  of  eleint'iilx  nf  inimiihuj  itluiit». 

Pi>r  cont. 

Boiler  efflclency «.'.0 

Tticorellijil   effli-ieucy   i>f  a   [wrfwt   iioiicondenslnK  engiup  at 

100  ijouiuls  Binw  iires.sure 1.5.7 

Kfflclericy  <if  eiiKUie  i-ylinder 5f».0 

Mi'iliiuiiriil  (>tftclciicy  "f  engine 85.0 

I'uinii  I'llicieiii'y 515.0 

ElJiriomy  of  plpliiB 05.0 
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The  product  of  these  fflifionoies  %vouhI  g']\\'  tht^  t'tuntiiiieil  cfficit'iicy 
of  plant,  ivprt'st'iitiiijyj  llic  nitiii  of  tlif  aetiiiil  work  jx^rfonned  iit  lift- 
ing tlu»  wnti'f  to  the  tuuiilRT  of  units  of  work  iivaiinhic  in  tlie  corro- 
spoiuling  quantity  of  foai  c-oiisiunt'd.  which  in  this  ciisc  wmihl  he  -2. 5 
per  cent.  On  tlie  basis  of  the  theoretical  qnaiitity  of  fuel  re(piir('d 
per  horse]>ovver-honr  tlie  following  efficiencies  have  been  calculated 
for  the  plants  in  Te.vas: 

EffloiiHcien  of  pumt>ing  plants. 


Description. 

Fuel  effl- 
ciency. 

Description. 

IToaleffl- 
olenor. 

Wood: 

No.8 

Ptrcrnt. 

1.5 

8.0 

8.1 

1.7 

.9 

.3 

.2 

.5 

.5 

1.8 

L8 

a? 

L8 
4.1 
1.8 

.3 
1.4 
1.0 
8.5 
8.0 

.7 
1.4 

.» 
1.8 
l.T 
1.1 
1.0 

.8 

'  Wood -rontinued. 

No.  !1B 

PtriXHt. 
8.5 

No.8 

No.  n* 

8.U 

No.  4 

No.  118     

s 

No.  6 

No.  UB 

.5 

No  10 

Total 

_     Arenjce 

on: 

No.8 

No.lR 

Toul 

Average 

Coal: 

No.« 

No.  11 

47.  S 

No.  11  

1  5 

No.  U 

No.  SO 

No.  as 

1.0 
14.8 

No  37 

No.  8» 

15.2 

No.  84 

T.n 

No  88 

No.  B8 

l.B 

No.  85 

No.ao  

.8 

No.»J 

No.fM 

N0.8IS      

2.1 

No.W      _ 

S  1 

No.  101 

No.  87 

1.7 

No.  ini     

No.flO  

n 

No.  UK  

No.  dS 

W 

No.  UR      

No  98 

:i 

No  ION 

Total 

Nu.lia.5)l     

10.4 

No.  llO.Ti 

Arem^     .... 

1.8 

No  111 

Total 

No.  114     

78.5 

No.  118         

Average 

1.8 

In  a  certain  large  pumping  station,  designed  with  great  care  to  give 
the  highest  efficiency,  tlie  fuel  consuniption  was  only  l:l'>  pounds  of 
(oal  jier  water-horsepower-hour  output,  corresponding  to  a  combined 
efficiency  of  l.')  jjer  cent. 


PUMPING. 


METHOD    IIK    ARRIVING    .\T   t'O.ST. 

In  figuring  the  cost  of  irrigation,  particularly  in  the  case  of  pump- 
ing plants,  it  is  a  very  coninion  mistake  to  neglect  entirely  all  allow- 
ance for  interest  on  thi'  investment.  depiv<'iatioii  of  the  plant,  rejiairs, 
renewals,  and  .sonietinies  labor,  fuel  e.xjiense  being  I'egarded  as  the  sole 
ejipense  of  operation.  As  a  consi*quence  the  ivsnlts  obtained  may  l>e 
far  from  the  true  state  of  affairs.  The  cost  for  jminping  water  may 
!»  subdivided  into  three  classilications;  (1)  Intei'est  on  the  invest- 
ment and  depreciation  of  the  plant ;  {•!)  operating  expenses,  repairs, 
and  renewals,  and  (.i)  fuel  exjieiise. 

The  interest  is  «d'  course  indepen<U'nt  of  the  time  of  o])cration,  ami 
the  depreciation  of  the  plant  is  also  to  a  large  extent  independent  of 
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llie  siiiiie.  wliilo  lilt'  ojjfraliiig  exponses  may  l>o  oonsiderod  in 
sense  depemlfiit  solfty  oii  tho  linif  i)f  DixTiition  of  the  ])iinips.  But 
tliis  is  not  strictly  tnif.  siiuu'  it  is  ufWu  inipossildc  ti»  iMifiajH'  labor  on 
tlit'si'  terms  owiiifr  to  viuiiitioiis  in  wwitlu-r.  !iiirj  ttie  employer  must 
often  pay  the  engineer  Iuh  full  time.  In  small  plnnts  it  is  not  uncom- 
mon to  find  the  eiigineei's  employeil  on  other  work  on  the  farm  when 
tlie  pumps  are  not  running.  This  a])plies  partienlarly  to  cases  where 
the  operation  of  the  plants  is  not  continuous  over  a  long  period  of 
time. 

Repairs  and  renewals  are  partly  dependent  on  the  length  of  time 
of  operation.  Depreciation,  repaii-s,  and  renewals  are  conniionly  fig- 
ured as  a  percentage  of  the  first  cost  of  the  plant.  In  steam  ]ilants 
fuel  expen.se,  wliile  depending  nniinly  on  the  lime  of  operation  and 
tlie  load,  is  nevertheless  dependent  also  upon  the  number  of  times 
the  phmt  is  started  and  sto|)peil.  If  the  steam  is  alloweil  to  go  tlown 
between  the  sto|j|)ing  and  starting  of  the  plant  it  is  eonunonly  as- 
sumed that  it  will  leijuire  two  hours'  fuel  sujjply  at  full  load  to  get 
up  stt'am  in  starting. 

In  considering  the  percentage  values  of  first  cost  which  ought  lu 
be  a.ssigned  to  the  various  quantities  making  u|)  the  cost  of  pumping, 
circumstances  and  care  of  apparatus,  of  conr.s<%  have  a  material  elfect. 
Seven  per  cent  may  be  considered  as  a  fair  value  to  allow  for  interest 
and  taxes  on  the  entire  plant;  depreciation  will  vary  from  2  to  30 
per  cent,  depending  upon  the  ap|iaratiis.  its  use  and  abuse;  8  to  10 
jjcr  cent  should  U'  suflicient  lo  re|>re.sent  depreciation  of  jjumping 
plants  if  reasonable  care  is  used;  '2  \)er  cent  should  be  suflicient  to 
I'over  depreciation  of  iron  pii)*-;  repaiiM  and  renewals  connnonly 
require  2  t()  20  per  cent  of  the  tu'igimil  investment.  Allowing  7  per  ^ 
cent  for  interest  and  taxes,  10  per  cent  fttr  depreciation  and  3  per  ceut^ 
for  re[iairs  and  reiu'wals  gives  a  total  of  -20  per  cent  per  annum  of  the 
original  cost  to  be  allowed  for  these  items.  With  any  sort  of  proper 
supervision  this  should  lx>  on  tlie  safe  side  for  powei'-honse  work, 
though  of  course  this  will  n<(t  allow  for  accidents  which  may  occur 
thi-ongh  carelessness.  Iirigaliou  plants,  j^articularly  the  snnill  ones, 
are  usiuiUy  subject  to  (juite  heavy  deterioration.  They  are  generally 
poorly  set  up.  exposed  to  dust  and  dirt  getting  into  the  working  parts 
of  the  engines  from  insufficient  housing,  and  as  a  result  the  real  cost — 
of  pumping  is  higher  than  it  siiould  be.  The  annual  fixed  charges  of  ^ 
pmu])ing  plants  have  been  figiwed  at  "JO  per  cent  on  the  pumping- 
plant  investment,  and  12  per  cent  on  the  remainder  of  the  investment, 
such  as  pi|je  line,  reservoir,  and  wells. 

In  the  following  table  the  cost  of  power  is  segregated  undei-  the 
heads  of  fuel  expense,  labor  expense,  and  fi.xed  charges  |K'r  water- 
hors<>powei'-tn>ur.  The  anmunt  of  power  required  for  raising  1 
acre-foot  of  water  1  foot  is  1.37  horsepower-hours,  hence  the  column 
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representing  this  quantity  in  the  tal)le  is  easily  obtained  from  the  pre- 
ceding c'ohnnn  of  "  Total  cost  per  vvater-liorscpower-hoiir."  The 
cost  IKT  aciv-foot  is  olttained  by  multiplying  ihe  preceding  coluuui 
by  the  total  lift  and  the  cost  per  acre  irrigated  l)y  ninltiplying  the 
cost  JKM"  acre-f<x)t  by  the  average  annual  dcptli  of  iri'ig-ation.  The 
last  colnnui  in  the  table  gives  the  pump  investment  per  acre  irrigated. 
Tlu-  results  given  arc  the  straight  averages  of  the  results  for  the 
si'veral  plants. 

Atrerafie  co»l  of  immping  icuter. 


Cost  per  water-horBepo«ei--Iioiir.      Coet 
pep  foot. 


Fad.  !  Labor. 


Fixed 
diarges. 


Total. 


foot. 


Stmia: 
Wood. 

on.... 


CmU.    CentM. 


Average . 


Elwtrictty  . 
OaNjline 


Avera^re. 


£.S7 
.78 


8.71 


1.48 

ftas 


«.85 


l.8t 
.49 
.17 


18.  W 
1U.8S 
I.  US 


1 


1.0t 


.(» 


L57 


CenU. 
n.V) 
U.l« 
S.SU 


Cost  per  Ctist  pur    Inveot- 
acre-     acre  fr  ri-  ment  per 
foot.        —    ■         


sated. 


Cent: 
Sltl  I      110.71 


lt.H 


M 
U.46 


Z.SS 

e.]U 


11.72  1 


17.8 


19.41 
3.42 


2i.au 


U.M 
1.56 


10.27 


3.51 
30.45 


S3.W 


1.81 
10.40 


IIS.  83 
18.44 
5.7S 


IA.40 


174.00 
01.  in 
1&.M) 


73.00 


8.l«l 
28.90 


8.U0 
IW.OO 


12.% 


iu.;& 


m.in 


The  cost  of  gasoline  plants  jier  unit  of  water  pumped  is  far  in 
e.xces.s  of  the  cost  of  otlier  plants.  This  is  due  mainly  to  the  snudl 
size  of  the  gasoline  platit.s.  since  luiturally  the  relative  cost  of  small 
units  is  considerably  higher  than  that  of  large  units. 

The  following  table  gives  the  total  animal  vvater-hoi-se])o\vcr-lioui's 
as  well  as  the  segregatetl  and  total  animal  expense  for  various  plants. 
The  table  is  classified  according  to  fuels.  Wotid-burning  plants  are 
further  classiHed  under  the  heads  of  rice-irrigation  jdauts  and  jilants 
H.sed  in  irrigating  other  crops,  (iasoline  plant  No.  Si  is  also  used  for 
rice  irrigation. 

Total  coHt  of  pumphig  water. 


K 


Wood  for  fnet 

Rice 

Other  rropa  - 


Total 

Oanoline  for  fuel 

C(jal  for  fiiel 

Oil  fnrfUL'l 

EI(M-trlclty 

Total  for  gt«im  plantao  . 


Rico 

Other  crops . 

Total .. 


Areairrt- 
sated. 


7.48U.O 
1,428.5 


8,8gS.S 
311.0 
856.11 

5.100.0 

401.0 

14,888.5 


Annual 
water- 
borse- 
Bwer- 
inrs. 


Total  annual  coet. 


pon 
oon 


Fuel. 


817,885  I 
440,884 


tB,2B3 
5.M01 


Labor. 


St.  888 

I.HIS 


1,3((7,.M» 

at.iM) 

1.42H.400  , 

108,711) 
2,9l>0.n4 


15.UH4  ; 

a.«8:i 
is.;«e 

■  .•92 
!n.l8S 


0.448 

53 

1,040 

2,521 

842 

10,018 


12.6100  ,  2,»t.oi5  I    a.am 


i.am.b         7S4,780 


15.1IM.&  I    2, 978,  MM 


10,8 


88,890 


7,154 
2,917 


io,on 


Fixed 
cbarRea. 


Totat 


110,918  I 
9,524 


124,882 
17,140 


20,440 
3,844 
4,«S2 

17,l«l 
8U0 

42,4«S 


28.244 

18,092 


46.338 


41,978 
4.432 
9,724 

«.n4 

87,673 
«i,4TM 

;n.6ffi 


W),1U6 


•The  totals  here  do  not  loclude  llii>  UemH  "Oasollni*  for  fuel"  and  "Electricity." 

From   this  snmmaiT  the   following  suminai-y  of  segregated  and 
total  charges  per  acre  irrigated  and  jjer  water-hoi"sepower-liour  is 
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obtained.     This  sunimarj'  gives  the  weighted  aveniges  and  is  to 
contrasted  with  the  suniniary  on   page  507,  whirli   is  dijlaiiieil   In- 
averaging  the  results  for  the  various  p!ant-s. 

Cunt  of  ituiiiiiinii  lii'f  acre  ami  itrr  irutfr-lii>r>ifitotrrr-hour. 


Anntial  costper  acre  irrigated. 

Co«t  per  water-horatfpower- 
lionr. 

Coetper 
acrtvfiKit 

Pnel. 

Labor. 

Fixed 
diargra. 

ToUL 

FnsL   lAbor. 

Fixed 
cbargea. 

ToteL 

Ifoot. 

■W<x)d  for  fuel: 
Rice 

4.  UK 
l.TO 

4.1» 
4.31 
3.22 
4.5(1 
2.37 

2.117 
4.10 
241 

t<.«2 
1.27 
.73 
.13 
1.2:4 
.40 
.85 
.B7 

.te 

l.U 
.M 

«1.4: 

U.(U 
2.31) 
1230 
5.M 
335 
1.511 
2.H7 

2.24 
6.28 
8.(6 

|).»4 
12.  IH 
4.73 
17. 4« 
11.38 
7.06 
e.KI 
5.81 

4.87 
12.21 
S.U 

Centn.    Centt. 
l.U        11.57 
l.a*           .411 
1.19          .51 
fi.4«          .18 
1.44           .41 

Centt. 
1.33 
212 
l.Sl 
13.73 
1.98 
1.18 
.30 
1.44 

1.2fi 
2.50 

i.ise 

Cent*. 
3.04 
3.81 
3.31 
18.40 
3.81 
2.U 

2.  as 

2.87 

2.73 
4.8B 
a  IS 

Cent: 
4.17 

Other  erotw 

T.itnl   

5.22 
4.53 

Oa-nliu«  f(ir  filial 

28.  W 
5.  a 

Oil  fur  fULil 

I  15 
l.OH 
1.18 

I.  IS 
1.4« 
1.23 

.18 
.32 
.34 

.32 
.40 
.34 

a4s 

Electricity  

a  51 

For  a\l  (ite»m  pUtnts. 
Total  results: 

Rice      

4.07 

a  74 

Otlior  crops 

Total    

5.tR 

D  be    ■ 

I 
I 


L 


It  will  be  seen  that  tlic  averajje  cost  of  irrigiition  (kt  acre  |>er  year 
lies  between  $i.«S7  for  riee-irrigation  plants  and  $1J.'21  for  plants 
irrigating  other  crops,  and  lK?tween  $4.7S  for  wood-burning  pliints 
and  $17.4(i  for  gasoline  plants.  The  lowe.st  co.st  of  irrigation  was 
under  plant  No.  lt)l,  and  was  $ti.l!)  pvv  acre  per  year. 

It  is  particularly  to  Ije  noted  that  llinmglioiit  the  fi.xed  charges 
are  higher  than  charges  for  fuel,  the  total  average  fixed  charges  per 
acre  irrigated  being  nppro.xiniately  eqnal  to  the  sum  <if  the  charges 
tor  fuel  and  labor.  In  some  cases  the  fi.xed  charges  make  the  cost  of 
power  far  nut  of  proportion  to  the  other  charges.  It  may  perhaps 
be  consi<h'rud  that  in  the  colninn  of  fixed  charges  some  allowance 
.should  be  made  for  the  small  iw  made  of  some  of  the  plants,  but  the 
deterioration  can  not  by  any  moans  be  considered  as  ceasing  when  the 
|)!ant  is  not  in  operation;  in  fact,  in  many  instances,  owing  to 
I  he  rusting  of  (he  machinci'y,  it  wtinhl  rather  increase  than  decrea.se 
from  disuse.  A  fixetl  charge  of  20  jser  cent  as  assumed  would  then 
allow  7  per  cent  for  interest.  '^  per  cent  for  repairs  nud  renewals, 
and  10  per  cent  for  deiireciiilion.  carrespoiiding  to  a  life  for  the  plant 
of  ten  years.  As  shown  on  page  -till,  the  average  irrigati<ui  factor  is 
but  14  per  cent,  iiidicuting  that  the  phints  are  used  on  an  average 
only  one-seveiitii  of  tlie  time.  In  order  to  cut  down  the  expense  of 
irrigation  the  irrigation  fiictur  itself  should  be  inrrea.scd.  Thi>  may 
be  doiu'  in  the  following  manner: 

If  a  pliiiit  were  designed  for  I  he  irrigation  td"  a  certain  crop  refpiir- 
ing  water  only  in  May,  June,  and  July,  and  demanding  the  maximum 
rate  of  llow  continuously  fen-  these  three  niontbs.  the  irrigation  factor 
would  1h'  "J."!  per  cent.  If  another  crop  were  to  rei|nire  wati>r  in 
August.  September,  and  October,  under  (he  same  conditions  tlie  irri- 
gsitinii  factor  would  also  be  -2'*  per  cent.  Were  the  maximum  supply 
in  (he  tvvt>  cases  to  be  the  same,  und  were  both  crops  watered  from  the 
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same  pimipin^  phiiit  witliout  storapo,  t\w  irrigation  faot or  would  then 
ix'  TtO  jR'r  ci'iit  instead  t)f  25  per  cent.  Tlu'  only  iidilitiotial  cxjieiist* 
<»f  water  for  the  st'conil  crop  would  Ih'  for  operation,  the  tixi'd 
expenses  being:  [jractienJIy  not  ioLTeased.  The  larger  the  fixed 
expense  with  refeivnee  to  the  operating  t?x]>ense  the  greater  is  the 
iudiweinent  for  improvement  in  the  irrigation  factor  by  diversilied 
funning. 

Sii])pose,  for  exain|ile,  an  irrigation  plant  were  installed  for  irri- 
gating 50  aeres  of  land  at  a  first  cost  of  $2,500.  Allowing  7  per  eent 
for  interest  and  13  [>er  cent  for  depreeiatitm.  re]iairs,  etc.,  would 
make  !i  total  fixeti  cost  per  year  of  $5(X).  If  fuel  nnd  hdior  for  eon- 
tinnous  operation  of  the  plant  three  months  in  the  year  cost  $500 
the  annual  cost  of  operation  would  be  $1,000,  provided  the  plant 
were  operated  three  months  of  the  year.  Pi-ovidcd,  u*t\v,  that  it  is 
required  to  irrigate  an  additional  tract  of  land  requiring  the  same 
((uuntity  of  water  during  three  other  months  of  the  year,  this  would 
iie<r.ssilate  an  additional  expense  of  $."»00,  nr  a  total  expeus*'  of  $1,5(X) 
per  year,  and  hence  at  an  expense  of  $15  per  acre  instead  of  $20  {x-r 
acre,  which  woidd  have  lM>en  the  cost  had  the  first  tract  alone  been 
irrigated. 

In  general,  two  plans  may  Ix?  followed  to  increase  the  irrigation 
factor — (1)  construction  of  reservoirs  and  (2)  the  use  of  water  at 
different  seasons.  Of  coursi-  if  the  tiry  s^-ason  is  of  brief  duration, 
say  two  or  tliree  month.s,  it  is  possible  that  little  may  l>e  done  under 
tlie  latter  plan,  but  provided  the  dry  season  is  uncertain  and  of  long 
duration  considerable  may  be  done  liy  judicious  mamigemeu'  and 
varied  crops.  Additional  water  may  lie  furnished  at  nearly  the  cost 
(if  the  additional  o[)erating  expenses,  and  it  is  usually  ]»(M)r  policy  to 
let  the  [daiil  lie  iille  part  of  the  yeai'  when  it  should  be  liringing  in 
revenue.  This  is  perhaps  largely  caused  by  owne/s  failing  to  appre- 
ciate the  large  fixed  expense  under  whii-h  Ihey  ojjcrate. 

In  order  to  cut  down  the  fixed  charges  it  wtudd  appear  that  it  Ls 
important  to  have  a  low  first  eo.st  of  plant,  particularly  where  fuel 

i      is  as  clu'a])  as  in  Texa.s.     The  greater  part  of  the  pumping  is  per- 

!  formed  by  means  of  centrifugal  ])unips.  wliicb  are  in  general  i)v  far 
the  cheapest  part  of  the  plant.  It  is  the  poorest  kind  of  economy, 
however,  to  invest  in  a  cheai)  pump  of  this  nature,  provided  the 
••heapness  is  secured  at  the  expense  of  eflicicncy.  as  the  neci'ssary 
increa.se  of  Ixiiler  nnd  engine  ecpiipment  would  much  more  than  make 
up  for  any  saving  which  might  be  made  in  this  uiamier,  aside  from 
increased  fuel  expense. 

|i  The  cost  of  lalwir  for  operation  of  pimiping  |>hints  is  exceptiomiUy 
low,  and  hence  conditions  are  corrt'spoadingly  favorable  for  econ- 
omy in  tliis  rlirection.  One  of  the' main  lulvantages  of  gasoline  lies 
in  the  saving  of  labiu\  particularly  in  small  plants.    The  cheapness  of 
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labor,  lirtwt'ver.  would  iiidicaU'  Llio  iimilviHaliility  of  installing  gaso 
lint'  pliiiits  of  any  capacity,  if  no  cheaper  form  of  the  fuel,  such  as 
distillate,  is  aviiilabh'  for  use  in  frasoline  fufi;ines. 

One  of  the  main  saviiij^s  in  the  use  of  fuel  oil  over  other  fuels  lies 
in  the.  gi-ently  diminished  lalK>r  of  firing.  This  Ls  a  matter  of  impor- 
tiiiKv  in  ]>lants  of  considerable  size  only  mid  is  further  iniuiniized  by 
the  cheajjness  of  labor. 

The  smaller  irrigation  plants  in  Texas,  requiring  nj)  to  about  '20 
horsi'power,  have  usuiilly  iKH'n  run  by  gastiline  engines,  anil  plants 
over  this  size  in'  .steam.  In  lite  majoi"ily  of  cases  steam  plants  are 
o<inip))ed  with  steam  engines,  though  a  few  of  them  have  direct-acting 
steam  jmmps  and  others  have  [lulsomelers.  While  the  use  of  the  last 
two  methods  of  pumping  woidd  involve  prol)ab]y  a  minimum  in  the 
way  of  initial  expense  and  have  the  advantage  of  simplicity  of 
operation,  their  use  is  not  geuerallv  to  1r'  recommended  on  account  of 
the  Jiigh  steam  consumption.  Were  conipouutl  steam  pum))s  to  be 
ust^l,  considei'alily  Ix'ttor  economy  could  be  olituiiied  than  with  pnmps 
not  <-onii>ounded.  l)ut  these  have  so  far  not  found  their  way  into  the 
field.  The  majority  of  the  steam  engines  for  plants  of  -JO  to  100 
horsepower  are  of  the  throttling  variety  and  couse<pieutly  do  not 
make  efficient  use  of  the  steam.  Where  fuel  is  as  cheap  as  it  is  in 
many  parts  of  Te.xas  it  is  true  that  simplicity  may  count  for  quite  a 
little  in  the  operation  of  the  plant,  considering  the  Uiud  of  labor 
which  is  nsnally  employed  for  the  same;  still,  autonuitic  engines  in 
jjlants  of  any  size  shoidd  justify  the  additional  ex]H'nse  in  the  saving 
of  fuel. 

By  far  the  greater  jiroportion  of  the  steam  piiK's  leatling  from  the 
boilers  to  the  engines  have  no  covering  and  tJie  loss  by  condensation 
is  considerable.  As  an  a])pr<ixiniation.  it  may  Ix'  said  that  80  square 
feet  of  pxpo.sed  steapi-radiating  surface  dennind  1  boiler  hoi"sepower. 
A  little  extra  care  and  money  spent  in  installation  of  ])lants  would  U' 
amply  repaid.  In  all  the  territory  ctnereil  there  is  oidy  one  irriga- 
tion puni|]iug  plant  of  any  size  in  which  due  consideration  appears 
to  have  been  given  to  economy  of  operation.  This  is  the  plant  of 
IJoss  Clark.  It  is  the  oidy  ])hint  which  has  water-tube  boilers,  com- 
pound condensing  engines  which  condense,  and  centrifugal  pump 
directly  connected  to  the  etigine.  Direct  connection  is  here  mntle  by 
a  rigid  coupling. 

In  order  to  direct-connect  machinery  with  a  rigid  coupling  the 
foundation  nuist  1k'  partictdarly  good,  as  otherwise  it  vvould  Ik-  better 
(o  use  a  Hexilile  coui>ling  to  avoid  possible  strains  from  the  shafts 
getting  out  of  line.  Direct-connected  units  do  away  with  loss  in 
belting,  usually  5  to  10  per  wnt,  besides  saving  considerable  space. 
Tt  re<piires,  however,  a  proper  combination  of  pump  and  engine  to  be 
ert'ective. 
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The  automatic  eiip:infs  uiv  U>  1k'  preferred  to  throttling  engines  on 
IIh'  {iruiuii!  of  crtirifiify,  iiltlimifili  inort'  expi'nsivi-  to  install.  Few  of 
the  HtjitionH  use  condensers,  and  in  the  majority  of  places  where  they 
were  used  not  over  Hl-itich  vacuum  was  olitained.  indicating  eitiier 
poor  design  or  operation  of  tite  ijlimts.  In  many  of  the  pinuping 
stations  some  simjde  forin  of  gi-avity  or  jet  condenser  could  l>e  used 
for  condensing  the  steam  in  the  engine  which  would  [irohahly 
increase  cnnsiderahly  the  efficiency  of  the  phnit. 

Single-acting  dwp-well  pumps,  2.5  to  (>  inches  in  diametei',  with 
a  stroke  of  l.")  to  20  inches,  are  used  extensively.  These  are  driven  hy 
a  power  head  as  a  general  thing,  though  occasionally  the.y  are  driven 
by  nieans  of  a  walking  lieani.  The  efficiency  of  this  ty]w  of  [lump 
with  a  lift  of  (10  to  70  feet  will  nsnally  Ih-  between  40  and  50  per  cent, 
and  although  not  high,  they  are  usually  the  most  elHcient  pumps 
that  can  be  used  in  the  conditions  umler  which  they  operate,  namely, 
a  small  tjuantity  of  water  and  a  high  lift,  consiilered  together  witli 
the  fact  that  no  pit  is  necessary  to  bring  the  pump  nearer  the  water, 
the  pump  IxMiig  inserted  in  the  well.  It  is  a  connuon  fallacy  to 
assume  that  the  lift  is  dependent  upon  the  position  of  the  bottom  of 
the  suction  pil)e  iittached  to  tlu'  |Hun))  cylinder.  tJf  course  this  is 
not  the  case,  as  the  lift  is  measured  from  the  surface  of  (he  water 
standing  in  the  well  on  the  outside  of  the  suction  ])ipe. 

In  the  case  of  most  wells  operated  by  deep-well  jnnnps  the  pump 
cylinder  and  casing  usually  tit  the  well  so  closely  that  it  is  extremely 
difficult,  if  not  impossible,  to  measure  the  actual  clistance  of  the  level 
of  tlie  Well  water  below  the  ground,  |>articidarly  when  the  well  is 
being  pumped.  Should  there  Ik-  rtxmi  lK>tween  the  well  casing  and  the 
pump  cylinder  for  the  ins(n-tion  of  a  small  ]iipe  the  water  level  may 
be  dcterniiued  very  accurately  by  means  of  ihe  methoil  which  the 
writer  has  used.  A  one-eighth-inch  pijx-  will  answer  very  well  the 
rei|uireinents  of  the  case.  By  blowing  down  the  pipe  it  is  a  very 
sim|de  matter  to  tell  instantly  when  tin'  surface  of  the  water  in  the 
well  has  been  reached,  as  the  concussion  of  the  air  bubbles  emerging 
from  the  end  of  t!ie  ])i|je  under  water  will  give  very  ilefinite  indica- 
tion thereof.  Kntiwing  the  length  (»f  the  i)ipe,  the  distance  to  stand- 
ing, water  in  the  well  is  easily  obtained.  In  one  well  which  was 
te.sted  by  this  means  the  water  level  seemed  quite  indeterminate,  vary- 
ing iierceplibly.  However,  by  observaliou  it  w.is  asi-ertaiued  that 
this  variation  was  due  to  the  unequal  fh>w  naturally  occasioned  by 
the  pump,  the  level  l>»'ing  highest  just  before  the  ])unij<  started  to  de- 
liver water  on  (he  upstroke. 

In  liguriT)g  the  lifl  of  well  water  allowance  has  Ijeon  nuule  in  the 
wells,  which  were  not  measured,  for  tlie  ))ro!iable  distance  which  the 
water  would  be  di-awii  down,  bast'd  on  the  rather  limited  information 
which  could  lie  obtained  on  this  .subject. 
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Tlu'iv  are  two  sonri'fs  of  loss  in  pmnpiiifr  plants — (1)  on  t-ntrance 
Ifj  tlie  piping  and  (2)  on  dist'lim-iri'  from  tlii'  I'lul  of  the  i)ipe — wliich 
could  easily  l»e  greatly  reduced  liy  sTiitul>le  design.     While  in  many 
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with  low-head  plants,  they  are  liable  to  represent  a  eonsideralile  pcr- 
wntnge  consiiuiption  of  energy,  wliich  shouliLhy  all  means  be  reduced, 
since  this  can  he  done  very  simply  anil  clieaply.  The  energy  of  water 
tlischarged  from  (he  end  of  n  pipe  varies  with  tlie  s(piare  of  the 
veloi'ity  of  discharge,  and  a  x'elocity  of  H  feet  per  second  is  repreM>nted 
by  the  energy  rei[nired  to  lift  the  quantity  discliarged  1  foot  higlier 
than  ne<;essarv.  A  taper  joint  of  gradually  increasing  section  will 
largely  overcome,  the  loss  of  head  in  disdiarge.  Since  the  discharge 
varies  witli  the  fourth  power  of  the  diameter,  by  increasing  the  diam- 
eter of  ihe  pipe  -i'J  per  cent  the  discharge  woidtl  be  I'educed  to  inie- 
foiii'lh  of  its  i)revious  value,  and  by  doubling  the  diameter  would  be 
retluced  to  one-sixteenth  of  its  ]>revious  value.  At  the  entrance  to  a 
Mruighl  pijH'  pr()jet'ling  into  a  body  of  wal<'r  there  is  ii  loss  of  energy 
equivalent  to  onedialf  of  the  velocity  head  in  the  pipe  itself.  This 
can  Ih>  easily  avoided  liy  iH'lling  (he  pi|K'  at  entran<^.  A  bell-sha[je<l 
entrance  is  preferabU-  to  a  ct)ne-shaped,  though  the  latter  will  often 
be  a  decided  improvement  over  a  straight  pipe.  It  is  no  uncommon 
fight  to  lind  iliscliarge  pipes  throughout  Texas  throwing  water  into 
the  air  ciaisiilerably  higher  than  ihe  level  of  (he  discliiirged  water, 
owing  to  the  high  veliK-ily  head  in  Ihe  piping.  It  is  obvious  to  oven 
a  casual  oliM-rver  that  this  represents  a  considerable  los.s  of  power. 
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Deep-well  ()uniping  plants  are  sometimes  providetl  with  stufli 
boxes  near  (he  gi'ound  level,  in  order  to  force  the  water  to  a  few  feet 
grealei-  elevation.  It  is  not  uncommon  for  a  lai'ge  innouiit  of  j)ower 
to  lie  ciuisnuied  in  the  sturtiiig  bt)xes,  due  to  either  the  pump  rod  Iwing 
bent  or  lo  the  gland  being  sen-wed  down  tin)  tightly.  In  fact,  if 
gasoline  engines  are  used  for  operalioii,  il  is  not  ditlicult  to  put  such 
a  lo«<l  on  the  engine  by  screwing  down  the  gland  as  to  bring  the 
engine  to  a  standstill.  With  intelligent  care  stulling  boxes  should 
<'ause  iu»  trouble,  but  as  commonly  ojieratetl  in  such  plants,  if  "the 
stulling  1m>x  leaks  the  operator  will  simply  screw  the  gland  tighter 
until  the  leak  has  been  stopped.  In  order  to  jirevent  l(>aks  in  stuffing 
boxes  the  packing  should  be  taken  out  at  least  once  a  week  and  oiled 
and  coated  with  graphite.  Packing  to  be  effective  should  retain  its 
elasticity,  and  if  in  that  condition  it  would  reijuire  oidy  light  pirssun' 
from  the  gland  lo  prevent  leakage.  Stulling  bo.xes  can  Ix"  avoided  in 
most  cases  by  the  use  of  a  walking  beam  comiected  with  the  pump 
and  by  running  the  continuation  of  the  discharge  pipe  to  a  sufficient 
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lii'ifjhi.     A^Hu'iv  iippiiriitn.s  will  tuit  n-coivo  duo  attention  this  is  to  be 
[iri'ft'iTt'tl  fi>r  oljviuiis  ivasous. 

With  (leep-wel!  pumps  all  the  work  is  cominonly  on  the  upstroke. 
This  nwossitiik'N  Inrfrcr  engines  and  means  more  wear  and  tear  on  . 
machinery  than  if  itie  jMUver  reqiiirci!  were  equaliy  tliviiled  Ix'lw'eeii 
the  up  and  down  strokes.  AMien  a  walking  l)eam  is  used,  by  prop- 
erly adjusting  the  weiglit  on  the  end  away  from  tlie  |>unip,  work  on 
the  tw(»  halves  of  the  stroke  can  Ik-  very  nearly  equalized.  The  sound 
of  the  machinery  operating  furnishes  the  Ijest  clue  to  the  amount  of 
weight  which  is  In-st  to  use.  A  long,  strong  spring  can  be  used  if 
desired  on  deep-well  pumps  without  a  walking  beam,  the  s[»riiig 
being  attached  directly  to  the  pump  rod  and  licing  put  under  con- 
siderable initial  (elision;  but  this  would  be  generally  more  expensive 
liuin  a  walking  iH-am. 

Hut  little  attention  is  contmonly  paid  to  the  leakage  from  deep- 
well  iiunii)s  until  the  leakage  has  become  very  bad.  The  leather 
pump  crqjs  aiv  frequenlly  left  in  so  long  thai  they  become  badly 
worn  and  allow  very  large  leakage  of  water,  thus  materially  iviUicing 
the  outjMit  of  the  puiu]).  The  leakage  may  be  jutlged  by  the  speed  at 
which  water  sinks  in  the  well  pipe  when  the  pump  is  at  rest.  In 
several  windmill  plants  visited,  the  pumps  when  operated  at  slow 
speed  delivered  no  water,  owing  to  undue  leakage.  While  many 
kinds  of  machinery  will  run  without  attention,  to  obtain  the  best 
results  they  should  always  be  kept  in  good  condition  and  shoulil 
receive  fre<]ueut  overhauling. 

\Mien  a  gas»jline  engine  is  operating  at  full  load  it  will,  as  usually 
eonstructeil,  have  an  explo.sion  every  other  stroke.  .The  ix?reenlago 
of  load  may  be  judged  approximately  l>y  thi'  ratio  of  the  total  muu-' 
l>er  of  explosions  to  the  total  possilile  number  of  explosions  pt'i'  min- 
ute, which  can  be  counted  without  difficulty.  This  would  be  more 
a<'curate  by  deducting  from  each  the  i'.\]»losions  |M'r  minute  reipiired 
to  run  the  motor  unloaded.  (Jasoliiie  engines  require  a  i-erlain  mix- 
ture of  air  and  gasoline  in  the  cylinder  to  obtain  the  best  results  from 
the  fuel.  If  the  mixture  is  too  strong  or  too  weak  the  best  results 
<'aii  not  l>e  nbtained.  Thus  by  allowing  loo  great  a  (low  of  gasoline 
to  the  engine  a  large  amount  of  fuel  may  Ihj  wasted.  The  proper 
niixliire  of  gasoline  and  air  will  depend  in  part  on  the  (pnility  of 
gasoline  usetl.  Most  gasoline  engines  are  pa'ovided  with  a  suuill 
needle  valve  for  regulating  the  How  of  gasoline,  with  two  jxisitions 
marked — one  for  the  gasoline  supply  f<jr  starting  and  the  other  for 
operaliiiu.  By  not  setting  this  valve  to  the  right  point  considerable 
gasoline  may  be  wasted.  In  general,  it  is  well  to  throttle  the  supply 
of  gasoline  to  a  point  where  the  rate  of  explosion  starts  to  increase 
or  the  speed  to  fall  olf.  Los.«es  due  to  improper  setting  of  this  valve 
may  be  very  large.     In  California  distillate  has  been  used  directly 
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^H        in  till'  fiiginc  cylinders  in  plac<;  of  gasoline,  (luis  rwhicing  greatly  tho      ■ 
^H        cost  of  tipenitiiitr  plants. 

^H            The  followiiio;  tuliles  give  detailed  infnnnntiou  regarding  artesian 
^^B        wells  mid  pumped  wells  in  southern  Texas; 

^^V                         Litciifion  and  de»criptlon  of  artesian  iccllit  in  touthem  TexoM.                      h 
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Location  and  description  of  artesian  wells  in  southern  Texas — Continned. 
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Location  and  cost  of  artesian  tcelts  in  southern  Texas. 
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Location  and  description  of  pumped  icellH  u»ed  for  irrigation  in  southern  Texas. 
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Location  anil  cost  of  pumped  veils  used  (or  irrigation  in  southern  Texas. 
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Invcaimetit  prr  acre  frriffatvd  ftjf  imw^ninj  fUntifx  hi  southern  Texas. 
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Investtneiit  per  irntvr  liorscpoieer  pumping  plaiitn  in  soiitlirrn  Texas. 
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S.OOO.OO 
21,465.00 

244,675.00 
8.  (BO.  00 
35,81,V00 

2.048.08 
52.30 
66.12 

108.(10 

57.00 

382.00 

119,00 

Electricity  ... ..... 

67.00 

888.00 

Total 

246,246.00 

283,4i».oa 

2.156.48 

1U.UI          182.00 

I 
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Annual  expenses  of  pumping  irater,  using  different  kinds  of  fuel. 

WOOD. 


AddiulI  Bipensee. 

Area  Irri- 
gated. 

FUBl. 

Lat»r. 

Fixed 

ToUl. 

JCTM. 

180.  I> 

eo,ftn(j 

ll.STS 

1160 

Itas 

U,BI» 

350.0 

lai.tiiju 

l.UUO 

^ 

(lis 

2.243 

au.u 

52.0DU 

GfiS 

£18 

JS9 

1.6i» 

KKt.U 

iu6,t™ 

Tfl8 

B8S 

SOD 

2,251 

tH.U 

i,«a(i 

ua 

107 

a» 

486 

9,650 

wo 

goo 

902 

1,178 

am.  a 

4,^S 

HTO 

aoo 

an 

1.177 

».6HI 

460 

SOD 

%] 

U51 

B.OUO.O 

450,  Ut» 

B.iai 

2,  so 

7,200 

ia.170 

T,4tf).l> 

8)T,B(J« 

a,£gs 

4,038 

10.  BIB 

81,832 

ai.u 

l.TtH 

IT 

ffl 

IBS 

iNS 

aso.!) 

852,500 

i.m 

6»1 

4.tJ0O 

(I.S75 

4.6 

SIO 

14 

a 

m 

686 

«.« 

1,»)S 

GO 

« 

1.650 

l.BW 

Hn.a 

ler.wo 

8,686 

MO 

5T0 

».9«e 

l«,0 

5,710 

S7 

32 

512 

641 

Wi.a 

3B,tian 

wr 

no 

»« 

1.31T 

«.o 

5,ira 

ISB 

ra 

4in 

«I2 

16.0 

HU 

ai 

R 

IWI 

m 

101. 0 

3.aio 

29 

15 

44U 

484 

100.0 

a,4j6 

4£ 

IS 

am. 

m 

15.0 

L,2£i 

47 

28 

374 

444 

1.423.5 

4t».a()4 

5,801 

I,S]5 

S.U4 

17,140 

COAL. 


120.0 

56,000 

1,278 

196 

1,140 

2,616 

aoo.o  , 

62,700 

507 

288 

880 

1.625 

350.0 

122.400 

1,306 

G63 

1,296 

3,i«5 

40.0  1 

7,080 

27{» 

25 

418 

713    1 

25.0  1 

4,425 

112 

U 

440 

566    ' 

20.0  ' 

1,820 

120 

11 

818 

949    I 

855.0  j 

255. 085 

3,683 

1,049 

4,992 

9,724    1 

OIL. 


3,600.0 
1.600.0 


1,270,000 
158,400 


16,000 


2,288 

238  I 


13,800  ' 
3.280  , 


32.063 
8,894 


S.im.O  I  1.428.400 


16,396 


2.521  I      17.060  ,    35.977 


GASOLINE. 


20.0 

60.0 

86. 0 

8.0 

20.0 

7.0 

6.0 

13.0 

W.O 

.W.O 

».0 

6.0 

23.0 


1..540 
7.930 
6.780 
1.050 
1,.330 
8H 

i,:«o 

1.604 
1.640 
797 
1,426 
1.364 
1,127 


94  197 

386  288 

2H5      53  '  1,1.50 

60  170 

126  168 

10  ;  100 

\m\ 344 

122  404 

NO  I I  344 

46  ,  120 

103  1 157 

63  212 

80  I I  210 


291 
664 
1,488 
230 
294 
110 
444 
626 
424 
166 
260 
266 
270 


311.0 


28,030 


1,635 


631 


3,844        5,432 


PXECTIIICITY. 


400.0   106,700  , 


1,792 


.342 


600   2,734 


RICH  IRRIGATION  IN  LOUISIANA  AND  TEXAS  IN  ms  AND 

190-t. 

Uy   W.    B.  (iREOOBY. 

ProfeMor  of  MerhaiitenI  Eniilnverinti.  Tiilniif  rniveriity. 
THE  SEASON  OF  1903. 

The  copious  rains  of  the  winter  and  spring  and  the  tardiness  of  the 
warm  weiither  were  uecoutihible  for  a  dehiy  in  phintin|jr  of  from  three 
to  four  weeks  dnrinj;  the  season  of  ISWi  It  was  impossihle  to  plow 
the  ground  iit  the  usiuil  lime  untl  tlie  hju-kwiirdness  of  tlie  season  nuide 
it  undesirable  t(»  plant  the  rice  as  early  as  usual.  A  enld  north  wind, 
about  the  1st  of  June,  seemed  to  blast  the  tender  knaves  of  the  rice 
plants  in  some  sections,  causing  fear  of  permanent  injury  to  the 
early  rice.  The  abnormally  cool  weatlier  continued  until  al)out  the 
middle  i)f  June,  after  whicli  time  the  climatic  conditions  for  the  re- 
niaiiuler  of  the  season  were  almost  ideal.  The  tem|)eratru-e  %yas  high 
and  the  air  possessed  considerable  humidity;  the  fre(|uent  rains  were 
distributed  over  tlu'  entire  i-ice  l>elt,  Of  course  there  were  small  sec- 
tions in  wbicli  the  rainfall  was  not  as  plentifid  and  as  well  dislribulcd 
OS  in  others,  but  in  general  the  rainfall  was  sufficient  to  produce  Provi- 
dence rice  throughout  the  rice  belt.  However,  the  rainfall  was  not 
sufficiently  great  to  cause  thi'  large  jjumping  (danls  to  close  down;  in 
fact,  many  of  them  reported  an  average  season,  so  far  as  the  amount 
of  water  pumped  was  concerned.  But  in  cases  where  new  puni|)ing 
plants  had  been  luistily  erected  and  where  trouble  was  ex])ei-ieucvtl  on 
that  account  enough  rain  fell  to  produce  a  good  crop  in  many  cases 
where,  in  average  years,  complete  failure  would  have  resulted. 

There  was  no  increase  in  the  total  acreage  of  the  rice  crop  in  Ivoui- 
eiana  in  1903  over  that  of  the  preceding  year.  In  the  vicinity  of 
Crowley  there  was  a  reduction  in  acreage  variou>ly  estimated  at  from 
20  to  •_'.")  per  cent.  This  was  |)artiy  due  to  the  inability  of  farmers 
to  piTpare  the  land  in  time  to  finish  seeding  at  a  date  early  enough  to 
prondse  a  fair  crop.  Another  cause  was  the  fact  that  on  land  where 
rice  had  been  raised  for  several  years  it  liad  beci)nie  evident  that  the 
soil  needed  a  rest  and  that  it  would  bi'  unjM'olitable  to  continue  plant- 
ing the  same  fields  in  rice  iudetiidtely.  In  Texas  there  was  an  in- 
crease in  acreage  due  to  the  development  of  new  territory;  this  in- 
crease was  about  25  per  cent  over  the  acreage  of  the  jirevious  year. 

mi 
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The  weather  piTvailino;  during  the  growing  season,  after  the  mid- 
dle of  June,  when  cold  spring  change<l  to  warm  summer,  was,  as  has 
been  said,  very  favorable  to  the  rapid  growth  of  the  rice.  The  ajj- 
pearance  of  the  crop  was  goo<l,  giving  promise  of  a  bountiful  harvest. 
Dry  weather  prevailed  from  the  Ix-ginning  of  harvest  and  long  after 
the  last  of  the  rice  had  been  thrashed  and  removed  from  the  fields. 

A  Ix'lief  was  prevalent  during  the  early  days  of  the  thrashing  sea- 
son that  the  yield  of  the  entire  crop  would  Ix-  alnive  that  of  the  average 
years,  but  as  the  thrashing  was  continued  it  l>ecame  evitlent  that  the 
crop  grown  from  late  planting  was  yielding  much  less  than  that  of 
the  earlier  planting.  The  best  yields  were  obtained  from  fields? 
plante<l  before  May  1.  G<xkI  yields  were  obtained  from  seeding 
during  the  first  Iialf  of  May,  while  the  yield  from  rice  planted  late 
in  May  and  in  Jiuu-  was  not  so  good. 

The  quality  of  the  crop  was  excellent  and  there  was  not  as  much 
red  rice  cs  usual.  The  early  rice  proved  to  lx»  superior  tti  the  late  in 
quality  as  well  as  quantity. 

The  spring  of  1904  found  nearly  1.000,000  pockets.  100.000,(X)(I 
pounds,  or  nearly  one-fifth  of  the  total  ci-op  of  lltOS.  in  the  various 
mills  and  warehouses  of  tiie  rii-e  country,  because  the  owners  were 
unwilling  to  sell  at  the  prevailing  low  prices. 


THE  SEASON  OF  1904. 
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The  dry  weather  which  prevailed  during  the  harvesting  season  of 
1003  extended  into  the  winter  months  up  to  the  time  of  preparation 
for  a  new  crop.  The  situation  was  then  relieved  by  sufficient  rain 
to  render  ti>e  soil  moist  ant!  in  good  condition  to  ivceive  the  seed 
throughout  most  of  the  rice  country.  Even  in  places  where  little  rain 
had  fallen  there  was  some  moisture  in  the  sf)il.  iluch  of  the  plow- 
ing had  IxH-n  finished  by  February  lo,  and  two  or  three  weeks  later 
some  early  rice  was  sown. 

\Miile  there  was  enough  moisture  in  the  soil  to  insure  the  germina- 
tion of  the  seed,  the  ruins  had  not  been  (sufficient  to  affect  the  streams 
which  are  used  for  irrigation  purposes.  In  the  latter  part  of  Feb- 
ruary salt  water  was  reported  in  the  Calcasieu  River  north  of  Lake 
Charles,  a  very  unusual  occurrence  at  any  season  of  the  year. 

An  opening  had  l^een  made  in  the  temporary  structure  of  the 
Mernientau  ilnm  in  .\ugust.  li'OS.  tn  allow  tlie  navigntioTi  of  the 
river.  (See  p.  520.)  Before  Maich  1,  when  the  dam  was  closed  by  the 
permanent  structure,  the  salt  water  had  entered  the  lower  river,  and 
as  the  rainfall  was  very  light  there  was  no  surface  drainage  to  l)e 
carried  otf  and  consecinently  there  was  no  current.  Tlie  amount  of 
salt  water  present  in  the  lower  river  was  great  enough  to  cause  .some 
apprehension  early  in  the  season,  and  as  soon  as  irrigation  was  begun 
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the  pumps  produced  a  Uaekwiird  flow,  liy  tiii'  luttei-  jiart  of  May 
there  wus  a  seairity  of  water  throufifhoiit  the  rice  eoiintry,  botli  in 
streams  ami  wells. 

The  weatlier  of  the  first  two  weelcs  of  April  was  aljiiormally  cotd  aiul 
had  a  bad  etl'ecl  on  the  early  riee.  Diirinji;  the  latter  part  of  April 
more  or  less  abundant  rain  fell  over  nearly  all  the  riee  belt.  The 
evaporation  was  high,  due  to  the  warm  weather,  and  the  soil  was 
eapable  of  absorbing  a  eonsiderable  i|uantity  of  water;  as  a  result, 
the  surface  (h'ainaire  which  found  its  way  into  the  irrifiating  streams 
was  too  small  to  have  an  appreciable  efl'ect  in  raisingr  the  level  of 
these  streams. 

In  the  Mermenlau  country,  when  it  had  become  evident  that  there 
was  a  possibility  of  trouble  with  the  salt  water,  the  owner  of  each 
pumpin<r  |)lant  was  desirous  of  gettinfi  as  much  of  the  fresh  water  as 
was  pos.si()Ie  l»efore  the  salt  invasion ;  besides,  the  rice  needed  mucli 
water.  The  effect  of  cuntiimeil,  universal  punipinp  was  to  hasten  the 
time  when  the  water  was  too  sally  to  Ik'  used  in  irr!;urat!ng  rice. 

During  the  first  week  of  June  the  condition  of  the  crop  in  both 
Louisiana  and  Te.xas  was  fairly  good.  Theiv  was  need  of  rain  and 
some  signs  of  distress  in  fields  of  young  rice.  At  this  time  some  of 
the  plants  along  the  Laccasine  and  the  lower  parts  of  the  Merinentau 
were  [jumping  brackisli  water:  a  similar  state  of  affairs  existed 
.south  of  Heauniont  on  Taylors  Bayou.  The  plant  of  the  Abljeville 
Canal  Company,  taking  water  from  Bayou  Vermilion,  was  closed 
down  Ix'cause  of  salt  water  ))n  June  tit,  and  did  not  resume  pum[>ing 
until  July  !).  \\'hile  pumping  plants  near  Crowley  were  puin|>ing  a 
part  of  the  time  and  tfie  water  was  comparatively  fresh,  many  of  the 
plants  farther  down  the  river  had  ceased  to  pum|).  Near  Lowry 
pumping  was  discontinued  as  early  as  June  l.'J.  Tin;  Liehtenstein 
&  Ilechinger  plant,  on  Bayou  Queue  de  Tortue,  slopped  pumping  on 
June  ii7.  wlien  it  became  known  that  a  sample  of  water  taken  the 
previous  day  contained  ll-'i  grains  of  salt  per  gallon. 

About  June  20  the  rice  country  of  Texas  received  abundant  rains, 
and  a  wei-k  later  there  were  plentiful  rains  in  llu'  Louisiana  rice 
district.  \A'ell-distributed  rains  c<uitinued  throughout  the  remainder 
of  the  irrigation  sea.son  and  into  the  harvesting  time  f<tr  the  early 
rice.  So  much  rain  fell  thai  the  hist  ten  days  of  June  [iractically 
marked  the  end  of  the  pmnping  season  for  most  t>f  the  large  plants, 
although  they  did  a  little  desultory  pumping  after  that  time. 

The  rainfall  was  not  only  sufficient  in  many  cases  to  sujyply  the 
needs  of  the  growing  rice,  but  al.so  soon  raised  ihe  water  in  the 
rivers  and  l>ayous.  Before  the.se  heavy  rains  occurred  the  Meruientau 
and  its  tributaries  ha<!  had  Ihcir  water  level  considerably  reduced, 
so  much  so  tliat  at  times  the  water  on  the  inside  of  the  dam  was  4 
feet  lower  than  mean-tide  level. 
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Samples  of  wntor  were  taken  on  July  IS  and  11>  at  varions  points 
on  the  Mertiieiitiiii,  including  water  from  the  (iiilf  side  of  the  diini 
and  as  far  ujistrcsirn  aw  the  village  <if  Mcnncntun.  These  siunjiles 
were  sent  to  Wasliington  and  analyses  inadi-  bv  tlu-  Bureau  of 
Chemistry  of  tlie  United  States  Depiirtinent  of  Agrienlture. 

It  will  In*  noted  that  this  was  after  the  rains  had  U'eoiiie  general 
throughout  that  distriet.  The  slream  had  ris«.'n  somewhat  at  this 
time.  For  iustaniv,  the  Bayou  Pla([ueinine,  at  the  Miller-Morris 
plant,  had  risen  ahout  1.5  feet  above  the  lowi^st  h>vel  re<-orded.  which 
was  during  the  last  week  of  June.  The  samples  ohtainefi,  therefore, 
in  all  priiljaliility  do  nut  exhibit  the  woi"st  eouditioiis  of  the  .season  of 
19(M,  but  they  show  that  the  problem  was  s*>rious  and  tlnit  the  oppor- 
tune rainfall  was  (juite  necessary  to  avert  a  calamity  and  save  the 
late  rice. 

The  i>rincipal  salts  that  liave  an  injurious  effect  on  the  rice  crop 
are  sodium  ehlorid.  tir  conuuon  salt,  magnesium  chlorid,  and  potas- 
sium chlorid.  The  i-e]>orts  of  analyses  nnide  of  irrigation  waters 
in  this  part  of  the  coutitry  have  usually  been  appntxiimite,  and  all 
the  chloind  has  been  computed  as  sodium  ehlorid  and  the  amount 
contained  given  as  so  many  grains  per  gallon  of  water  analyzed. 
For  the  above  reasons,  an<I  to  render  the  results  of  general  interest 
and  in  such  form  that  the  princi|5al  residt  will  not  Ik'  lost  in  too  much 
detail,  the  coui])l<'te  results  will  not  U'  given,  and  otdy  the  iuunl>er  of 
gniins  of  the  chlorids  of  .sodium,  magnesium,  and  potassium  com- 
puted jx'r  gallon  of  water.  As  a  nuitter  of  interest  it  nuiy  be  .said 
that  the  anuinnt  of  magnesium  chlorid  varied  from  about  K.4  to  13 
per  cent  of  the  total  amount  of  tlie  chlorids.  and  the  potassium 
chlorid  from  abtnit  1.7  to  "J. 7  per  cent  of  the  total  amount. 

The  tal)le  given  below  shows  the  locality  wliere  the  samples  were 
taken  and  the  amount  f»f  salts  present.  All  samples  were  taken 
within  2  feet  of  the  surface  of  the  water.  Previous  analyses,  made 
in  I'.tO^  iiy  the  Bureau  of  Chetiiistry.  showed  coiu-lusivdy  that  the 
amount  of  salt  is  nnich  greater  in  the  dee|)er  water. 

(falt.H  ill  iratrr  taken  fitmi  Ihr  MrniicitUtii  liirn-  July  IH  and  If).  190). 

QralDS 
per  gnUou. 

Seiisiile  of  .Menneiilini  dam 1, 167 

t'liIHT  .side  (if  .MenueuliHi  duin _,_., ^., „* 802 

Center  of  .Mud  Lake O-To 

Luwer  end  of  (inuul  I^jike 240 

Center  of  (Jraiid  hake 211 

Upper  end  of  fJi-aiid  I.ukD 18B 

Iliilfwa.v  iM'twecii   I/owry  fiiul  Iloucks 175 

Ceutec  i)f  Lake  Artliur . ^ 1(51 

Mertiiciilao  Kivcv  al  iiirmtli  of  Bayou  Qwne  do  Tortne vr 

Hiiyijii  (Jueue  deTorliie  at  Li(,'!itpusteiu  &  lleehinger  plant l.t2 

Mermentau  Itiver  at  .Meciueutaii.  La 74 
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The  effect  of  the  niinfaU  and  the  resultant  irreg\ilarity  in  tho 
demand  for  water  in  dilferent  piirts  of  tlie  territory  is  shown  by  a 
coinjjarison  of  Hie  water  taken  from  the  Mernientiin  at  the  mouth 
of  Hayoii  Queue  tie  Tortue  witli  that  taken  at  the  Lightenstein  & 
IIeeliinji;er  plant.  The  result  given  in  the  table  is  the  mean  of  two 
samples,  one  taken  at  a  depth  of  C>  feet  and  the  other  at  a  deptli  of 
20  feet.  For  some  reason  the  first  sample  showed  a  greater  amount 
of  salt  than  that  taken  at  a  greater  depth.  However,  two  sam])le.s 
taken  August  13  showed  a  greater  amount  of  salt  at  a  lower  depth, 
Thes(^  samples  were  taken  at  ilepths  of  fi  and  lil  feet  and  showed  an 
average  amount  of  only  T.;")  grains  of  salt  per  gallon. 

The  harv&st  sea.son  was  unusually  early.  Rain  continued  almost 
daily  several  weeks  after  harvesting  was  begun,  causing  considerable 
damage  to  tlie  early  crop,  niucli  of  wliieh  was  chalky  (tr  overrij>e  and 
of  a  poor  quality.  By  ()ctol)er  1  harvesting  was  re])orted  nuu'e  than 
half  finished  on  the  Gulf  coast.  Only  a  small  amount  of  tlirashing 
liad  Fjeen  done  up  to  this  time,  owing  to  the  prevalence  of  local 
showers. 

The  rice  harvested  from  the  late  planting  was  of  a  better  quality 
than  the  early  rice,  as  the  climatic  conditions  for  harvesting  and 
thrashing  were  much  improved  later  in  the  season.  However,  the 
crop  of  lfl(M  was  inferior  to  that  of  liHKi,  both  in  qiianlity  and 
fjuality,  and  this  inferiority  was  not  confined  to  the  rice  raised  along 
streams  where  salt  water  had  ap{>eared.  While  undoubtedly  there 
was  some  danuige  done  by  irrigation  with  salt  water,  even  the 
.so-called  "  river "  rice,  irrigated  with  water  fi'om  the  Mississi]>pi, 
and  also  that  of  the  Teehe  country,  were  in  every  way  inferior  to  the 
])revious  crop.  The  climatic  conditions  uji  to  October  1  were  veiy 
unusual,  in  fact  <litlei-en1  from  any  yet  e.\perienced  since  the  develop- 
ment of  the  ri<e  industry  in  this  section,  (irowing  weather  con- 
tinned  Ihrough  Scpteiubi']-.  the  days  and  nights  being  warm  and  tho 
daily  rains  sut)i>lying  the  moisture  to  keep  the  air  well  .sattu'ated. 
In  some  instances  a  second  crop  of  rice  was  raised,  an  unheard-of 
experience  previous  to  last  year. 

The  effect  of  the  nu)istnre  was  to  render  the  rice  chalky,  and  to  take 
away  its  milling  tpialities.  The  weather  after  OctolKT  I  was  favor- 
able to  harvesting  and  thrashing,  but  tin'  grain  proved  inferior, 
although  an  im|U'ovenu»nt  on  that  gathered  tbiring  the  wet  period.  It 
seems  t<»  be  an  imptissibility  to  have  more  than  an  average  crop  in  any 
instance  fi'om  late  sowing. 

The  proi>lem  of  disposing  of  (he  rice  crop  has  been  the  cause  of 

considerable  advertising  during  the  last  two  years.     The  Rice  Kitchen 

at  the  Ijouisiana  l*urchas*i  E.\[)osition  at  St.  Ijouis  diil  mudi  towan! 

making  rice  extensively  aiul   favorably  known  as  a  food.     Several 
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lar{^(>  concerns  in  the  North  and  West  hiu'e  J>een  retailing  a  fair  ^ade 
of  rice  for  5  cents  per  pound,  a  price  considerably  below  that  usually 
charged.  M 

A  distributing  (Company  was  organized  at  Crowley  and  began  busi-     " 
ness  on  August  1.     It  controLs  several  large  rice  mills,  buys  and  sells 
on  commission,  and  conducts  a  general  warehousuig  business.     Sev- 
eral sales  of  considerable  magnitude  have  been  made  by  this  company 
in  foreign  countries. 

The  urea  planted  to  rice  in  Louisiana  in  lJ>Ot  was  reported  by  the 
United  States  Department  of  Agriculture  to  be  37G,50O  acres,  while 
that  of  Texas  was  234.200  acres.  The  total  ai-ea  in  the  United  States 
was  fiG2,00G  acres.  The  combined  acreage  of  Louisiana  and  Texas  is 
therefore  09.2  per  cent  of  the  total  areji. 

METHODS  OF  FABMING. 

The  broad  low  contour  levee  advocated  in  a  previous  publication 
on  rice  irrigaticm"  has  not  been  generally  adopted;  however,  it  is 
growing  in  favor,  and  was  used  to  some  extent  in  the  vicinity  of 
Crowley  during  tlie  last  two  seasons.  Its  construction  is  more  expen- 
sive and  requires  more  time  than  the  older  form  of  levee.  A  road 
machine  is  needed  for  its  construction,  and  many  of  the  small  farm- 
ers do  not  own  one  of  these  iniptements.  The  growing  of  rice,  rather 
tluin  weeds,  on  tlie  levees  is  certainly  desirable,  as  is  the  ability  to 
drive  all  implements  used  in  the  cultivation  of  the  land  and  in  plant- 
ing and  harvesting  the  rice  over  tiie  levees  in  any  direction,  instead 
of  treating  each  "cut"  as  a  separate  field.  The  ditference  of  level 
of  the  land  within  a  "cut"  is  much  less  than  that  used  in  the  early 
days  of  rice  planting:  2.r)  to  3  inches  is  conimonly  used  now,  while 
as  much  as  ('>  inches  was  not  unusual  a  few  years  ago.  The  rays  of  the 
sun  penetrate  and  warm  shallow  water,  but  have  little  effect  with  a 
depth  of  half  a  ftx)t.  (Jften  the  liest  rice  in  the  field  is  i"aised  on  top 
of  the  broafi  levees,  where  the  grountl  is  wet  but  is  not  covered  with 
water.  In  former  times,  when  the  difference  of  level  between  tlw 
highest  and  the  lowest  ground  in  a  "  cut  "  was  half  a  fwit,  it  was 
noticed  that  often  the  finest  rice  grew  on  the  highest  ground,  which  was 
sometimes  covered  with  water  and  sometimes  without  water  on  its 
surface.  Fresh  water  applied  to  a  rice  field  two  or  three  times  in  ii 
seu.son  will  give  better  results  thun  when  water  is  allowed  to  stand  on 
the  fields  continuously  throughout  the  irrigating  season. 

By  the  use  of  the  l)roa<l  levee  the  available  area  for  rice  is 
increased  over  the  old  method  uiul  the  field  is  kept  free  from  weeds. 
Ijpvees  of  either  cla.ss  ought  to  Ik?  of  sufficient  height  and  strength  to 
hold  a  reasonable  amount  of  rainfall  and  so  effect  an  economy  of 


RICE    IRRIUATION    IN    LOUISIANA    AND    TEXAS. 


515 


k 


flood  watiT.  However,  thi?  downpours  in  sonie  parts  of  the  rice 
euuiitry  tltiriiig  the  seiisons  of  IW.i  iiiid  1!)04  were  so  excessive  that  tho 
depth  of  water  on  the  fields  would  have  been  too  great,  even  if  the 
fiehl  was  in  need  of  irrigation  at  tin-  time;  in  such  a  case  part  of  the 
water  iiuist  necessarily  Ix'  wasted. 

Water,  as  used  in  rice  irrigation  in  Louisiana  and  Texas,  not  only 
supplies  a  necessary  condition  for  the  growth  of  the  [ilant,  Ijut  also 
contrihiites  to  the  success  t>f  the  rice  crop  by  destniying  tlie  weeds. 
Rice  is  an  a(juatic  jdaiit  and  thrives  in  water,  hul  loo  great  a  depth 
causes  the  stalks  lo  "  s])indle  "  up.  and  hder  in  the  season  to  l)e  iTiore 
readily  hlowu  down  liy  winds  and  storms.  Excellent  rice  has  l>een 
raised  on  ground  that  was  not  submerged,  but  niei-cly  moist,  but  to 
ust'  tiiis  method  generally  would  re(|uire  some  cultivation  to  get  rid  of 
Ihe  weeds.  By  the  present  system  of  culture  tiie  weeds  are  killed 
•when  the  ground  is  Hooded  with  water,  a.s  few  of  them  are  acpiatic. 

The  cool  weallier  of  April,  1904.  |)revented  tlie  early  rice  from 
being  floodeil  at  the  usual  times,  and  when  flooded  the  plants  were 
attacked  in  manj'  sections  by  a  white  worm  about  one-fourth  to 
Ihree-eiglitiis  of  an  incli  in  length  and  having  a  red  head.  These 
worms  tiourisheil  best  in  grass-infested  fields.  To  turn  the  water  off 
and  dry  the  land  was  an  effective  method  of  disposing  of  this  pest, 
hut  in  gra.s.sy  fields  turning  the  water  off  meant  giving  up  the  rice  to 
Ihe  grass,  while  keeping  it  on  the  fields  meant  ruin  from  worms. 
About  the  time  water  was  turned  off  of  fields  that  had  Ijeen  planted 
early  it  Itecame  necessary  to  irrigate  the  late  planting.  At  this  time, 
as  already  noted,  water  was  very  low  in  streams  and  in  wells,  widle 
evaporation  was  high.  This  condition  gave  tiie  weeds  and  gra.ss  a 
chance  at  the  late  rice,  which  went  through  the  experience  of  the  early 
planting.  The  result  was  a  thin  stand  in  many  instances.  Of  course, 
there  were  some  fields  which  ])roduced  large  yields. 

The  condition  of  the  soil  for  late  planting  in  li>01-  was  such  that 
much  rice  was  planted  deeper  than  usual,  aiul  this  resulted  in  slow 
growth.  The  lack  of  moist uiv  was  relieved  in  part  by  timely  rains, 
which  helped  to  save  the  stand. 

During  the  season  of  1!>04.  crops  in  the  rice  country  have  been 
divci'silied  inoi-e  than  ever  before.  This  result  was  brtuight  about, 
al  least  [jartially,  by  the  low  price  of  rice  ami  the  high  price  of  cotton. 
Farmers  have  raised  a  large  part  of  the  supplies  which  they  n<'ed,  and 
in  inan\'  instances  have  reali/.ed  good  returns  on  crops  other  than  rice. 

Cotton  was  planted  in  southwestern  Louisiana  in  1904  to  a  greater 
extent  than  in  former  years.  In  fact,  up  to  a  year  or  two  ago  cotton 
was  looked  upon  as  ()fie  of  the  impossible  crops  for  that  region. 
Good  crops  were  reported  in  some  instances,  but  in  general  tlie  season 
was  loo  wet  for  cotton,  .\nother  diflicidty  was  found  in  the  lack  of 
drainage,  the  importance  of  which  was  often  underestimated,  and 
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wliii'h  wi»>  ivtidfivil  (tidiriill  l»_v  tlii'  fuel  tlmt  (lu>  riw  land  is  nearly 
k'Vi'l  iuh]  the  amonnt  of  siirfat'L'  water  laffic. 

Thu  poorer  grades  of  rice  are  being  used  to  feed  stock,  and  it  is 
claiiiu'd  that  this  is  llu"  only  way  in  which  a  vahie  above  the  cost  of 
j>i'oducti()!i  can  lie  realizwl.  Rice  will  undonbtedly  continue  to  Ijc  the 
principal  crop  of  the  coast  country,  the  cotton,  corn,  potatoes.  an<l 
garden  truck  being  incidental.  These  eiinldi"  the  farmers  to  l)econie 
iudeix'ndent  of  the  merchant  and  (<»  live  well  without  getting  hope- 
lessly in  debt  during  years  wlien  the  rice  crop  fails  to  fulfill  expecta- 
tions. There  is  a  growing  ivaliKation  of  the  fact  that  it  is  a  much 
better  policy  on  the  [lart  of  farmers  to  ]>lanl  oidy  the  amount  of  rice 
that  can  be  proj}erly  attended  to  rather  than  to  sow  more  land 
than  can  Ik-  thoroughly  prepared,  watered,  and  harvested. 

As  a  money  croji,  rice  must  be  of  gooil  quality  to  lie  a  success,  as 
only  the  higher  grades  are  profitable  to  rais*'  at  jiresiMit  prices.  In 
the  future  greater  care  will  Ik*  exercised  in  the  selection  of  seed, 
in  the  preiiaratton  of  (he  land,  in  applying  water,  and  in  every  detail 
which  will  tend  to  prothice  a  iK'tter  grade  of  rice. 

Much  of  the  rice  land  of  Texas,  of  recent  development,  is  a  black, 
waxy  soil  of  great  fertility.  The  cost  of  working  this  land  is  perhaps 
$3  per  acre  more  than  the  cost  of  working  clay  or  clay-Ioani  soils, 
but  the  increase  in  yield  is  sufficient  lo  more  than  compensate  the 
increased  cost  of  production. 


I 
I 
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THE   WATEEWEEB. 

A  strange  weed  has  appeared  in  the  rice  country  of  snuthwestern 
Louisiana  anrl  eastern  Texas.  It  had  lieen  suHiciently  distributed 
during  the  season  of  15)03  to  attract  attentiitu  and  cause  some  appre- 
hension, although  it  had  been  observed  in  the  vicinity  of  Ciuevdan, 
La.,  about  foiu-  years  jirevious.  This  plant  is  popularly  known  as  the 
"  wuterweed."  S)jeeiniens  sent  to  the  United  States  Department  of 
Agricidture  at  Washington  were  identified  as  Poiujufiuw  zci/hini- 
cum.  a  mitive  of  the  tropics  of  South  .Vmerica.  but  rather  widely 
(listributcd  in  the  tropics  of  Ixtth  hemispheres.  The  mature  j)lant 
attains  a  height  of  from  4  to  (>  feet.  It  has  a  hollow  stalk  about  one- 
half  inch  in  diameter,  and  its  leaves  are  aliout  3  inches  long  and  l.J 
inches  lu'oad.  The  roots  are  large  ami  spongy,  showing  the  acpuitic 
nature  of  the  plant.  Its  growth  is  rapid.  It  i>  propagated  entirely 
from  the  seeds,  which  are  abundant  and  \ery  minute,  aiul  which  ar»> 
doubtless  distriliuted  through  the  fields  by  the  irrigating  water,  as 
the  plant  grows  along  canals  and  laterals  as  well  as  in  the  rii-e  fields. 
Unlike  most  of  the  weeds  with  which  the  rice  farmer  has  to  contend, 
this  weed  is  not  killed  l>y  the  tlo(Ki  water  of  the  rice  fields,  but,  on  the 
contrary,  flourishes  in  water. 
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Unilimlxcdly  Ihis  ju'st  was  iiilnMliiccd  thronpli  imported  seed  rice. 
As  till-  vvcihI  1ms  nlri'iidy  jirovi-d  n  imisunui'  in  localitit's  wiuM-e  it  is  best 
known,  s<'ei)  rice  shonld  l>e  oirefuUy  selected,  especially  in  sections 
■  where  tlie  weed  lias  not  yt-t  api)eiuvd.  Seed  product  ion  can  lie  \nv- 
vciili'd  l»y  hand  pnlling  where  tliiuly  distrihitted  thi'tniyh  ihe  Helds; 
OH  tlie  levees  the  plants  may  be  cut.  Where  the  plant  has  become 
iibiMHlant.  it  may  Ik-  necessary  to  resort  to  rotation  of  crops,  |>lanting 
some  other  crop  which  retpiires  (horoiiyii  cidtivation  instead  of  rice. 
It  is  absolutely  necessary  to  destroy  the  plants  on  the  levees  and  water- 
ways liefore  snflicienlly  advanced  to  mature  see<ls  if  the  rice  fields 
are  to  be  protected  from  its  invasion.  Little  attention  was  given  to 
the  eradication  of  this  weed  during  the  season  of  1903  in  parts  of  the 
rice  country  where  it  was  observed  for  the  first  time,  and  its  nature 
was  almost  unknown. 

The  waterweed  ap|)eared  in  the  C'rowly  district  during  the  latter 
part  <>f  June.  ]!>0+.  It  did  not  give  serious  trouble  last  year,  as  it  was 
found  that  Honduras  rice  planted  early  got  possession  of  the  ground 
and  was  nnatfected  by  the  weed;  Japan  rice  was  not  as  successful  in 
cond>ating  Ihe  i)est. 

"While  all  weeds  are  undesirable,  the  waterweed  will  probably  not 
prove  a  greater  nuisance  than  many  others. 

DEAISTAOE. 

The  wet  seasons  of  1S)03  and  1004  have  emphasized  the  need  of  good 
drainage  for  the  rice  fields,  highways,  etc.  A  fall  of  1  inch  in  100 
feet  gives  good,  <|uick  drainage  in  reuKiviug  the  water  from  the  rice 
fields.  The  driiiiiage  necessary  for  cotton  and  other  crops  has  already 
been  referred  to.  In  some  inslanee.s  it  has  been  found  desiralde, 
where  th<'  drainage  outlet  for  a  coiisidei-able  area  passes  undei'  a  Hume 
of  the  canal,  to  install  a  small  ])umping  plant  and  return  the  drainage 
water  to  the  I'anal. 

Drainage  projects  <»f  considerable  magnitude  are  being  considered 
foi'  various  parts  of  the  lowlands  of  soulli  Louisiana.  One  ^^f  the 
most  important  of  these  was  organized  three  years  ago  and  had  for 
its  object  the  reclamation  of  fourteen  entire  towuslii])s  situated  in  (he 
eiglilh  ward  of  Vermilion  Parish.  The  tract  extends  from  Hayou 
Queue  de  Ttu-tue  on  the  north  to  the  (lulf  of  Mexico  on  the  south, 
embraeing  'JSO.OOO  acres  of  land,  most  of  which  has  Iwen  unfit  for  cid- 
tivation, owing  to  its  iM'ing  partially  sidimei'ged,  biit  wiiicli  when 
properly  drained  will  Ix'  classed  with  the  most  productive  in  that  part 
of  the  .State. 

The  funds  for  this  work  have  l)een  provided  by  means  of  a  r)-mill 
tax  on  all  the  projjerty  covered  by  the  district,  this  ta.x  enabling  the 
dislric(  to  i^sue  lionds  |o  the  amount  <jf  $(10,000,  which,  it  is  estimated, 
will  be  suflicient  to  complete  the  work. 
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Thirty-eight  miles  of  main  canals  will  lx>  cut,  and  us  many  laterals' 
as  may  be  retiiiired  to  thoroughly  iliain  the  land  of  the  district.  The 
work  of  dredging  these  canals  was  l>egun  in  May.  1903,  and  up  to  Sep- 
temlier.  1!»04.  17  miles  had  Ikhmi  completed.  9  of  which  lie  south  of 
Gueydan,  leading  toward  Grand  I^ike,  wiiich  is  to  be  the  southern 
outlet,  and  8  miles  in  a  northwesterly  direction,  with  drainage  into 
Bayou  Queue  de  Tortue.  Two  dredging  outfits  are  now  constantly 
at  work.  The  main  canals  average  'JO  feet  in  width  at  the  bottom  on 
the  upper  levels,  and  40  feet  at  the  outlet,  near  (irand  Lake,  the  depth 
being  from  3  to  4  feet.  It  is  estiniateil  that  the  main  system  of  canals 
will  \h:  completed  l>y  April,  1!»0."),  and  tliat  tiie  neces.sary  laterals  will 
be  finished  before  the  end  of  the  year.  Some  of  the  land  that  has 
thus  far  l>een  reclaimed  is  l)eing  broken  for  planting  next  year. 
Reclamalion  of  similar  laiiils  in  the  near  future  by  private  enter- 
prises will  doubtless  add  to  the  snva  of  tillable  land  in  this  section. 


EFFECT  OF  SALT  WATER. 


Crops  were  raised  in  1903  on  land  wliicj)  iiad  been  liborally  irri- 
gated with  salt  water  in  1901  and  190J.  During  these  two  years, 
where  the  salt  water  bad  Iteeu  used  ou  ci>m|>iini lively  young  rice  the 
result  was  invariably  disastrous,  but  where  the  rice  was  well  advanced 
toward  maturity  the  effect  in  many  cases  was  hardly  noticeable. 

The  Jieavy  rains  of  llie  winter  uf  190'j  and  spring  of  1903  did  much 
toward  washing  tlie  salt  out  of  the  soil.  Gn  many  fields  where  the 
allowance  of  salt  water  for  the  two  previous  years  had  been  liix*ral  a 
good  average  crop  was  raised  duriug  the  season  of  1903.  and  tin-  <|nal- 
ity  of  the  rice  was  excellent.  The  verdiA  among  the  rice  farmers 
seems  to  be  that  no  permanent  injury  to  the  soil  has  resulted  fnjm  the 
salt  water. 

The  e.vperiences  of  1901  antl  190'J  had  taught  fanners  to  In-  careful 
alx)ut  irrigiiting  with  salt  water.  There  was  no  trouble  from  this 
.source  in  1903,  while  in  1904  the  condition  hmked  extremely  serious 
for  rice  farms  irrigating  from  streams  subject  to  salt  invasion, 
Doitljtless  some  daniagi'  was  done  by  the  salt  water  before  July  1, 
after  which  time  the  j)lentiful  rains  relieved  the  situation. 

\t  many  of  the  large  pinnjiing  i)lants  a  close  watch  was  kept  for 
salt  water,  and  when  it  appeared  pn!ii]iing  was  stopped.  In  the  lower 
Mernientau  district  tliere  was  [»robal>ly  tofi  little  water  applied  to 
the  rice  in  some  instances  for  this  reason,  but  farther  upstream,  on 
account  of  ojjportune  rains,  there  was  verj'  little  harm  done. 
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The  seasons  of  1301  and  1SK>2  weri-  disastrous  to  the  rioc  iiion  who 
«l>taiiH'd  fnmi  tin-  Mcrnit'titaii  Kiver  and  its  trilmtark's  wntt>r  to  irri- 
giitf  tlu'ir  crojjs.  Tlif  (k'liuind  for  wiiti-r  liad  boi-onn;  so  great  during 
those  yt'ars  that  salt  water  flowed  in  from  the  Gulf  of  Mexico  and  was 
j)niiii)c<l  into  (lie  canals  and  used  on  the  rice  land,  doing  great  ilain- 
uge  to  the  crop.  It  was  tletennincd  tiy  some  of  tlie  leading  rice  men 
of  that  section  that  this  .should  not  he  reiMsated  in  1903.  Accordingly 
the  lliec  Irrigation  and  Improvement  Association  of  ('rowley  was 
forijied.  Mr.  Miron  Abijott  was  elected  president  and  Mr.  (Jeorge  H. 
Tinker  secretary,  and  a  tliorough  canva.ss  was  made  of  territory 
affected  hy  going  to  eaeli  town  of  the  entire  district,  liolding  meetings, 
and  explaining  the  methods  and  plans  to  be  I'niployed  to  combat  tlie 
salt  water.  The  spirit  of  cooi^ration  was  sufficiently  strong  to  insure 
the  success  of  the  scheme;  howevei',  as  the  subsci'iptions  were  entirely 
voluntary  many  mIio  were  to  reaj)  the  ijeuetits  of  llie  umiertaking  did 
not  contribute.  Funds  for  carrying  on  the  work  were  solicited  at 
the  rate  iif  .*»0  cents  per  acre  in-igated. 

The  crop  failure  of  the  previous  seu.son  and  consequent  linancinl 
de])ression  caused  .some  delay  in  starting,  and  it  was  not  until  April 
13,  11>0;5,  thai  the  board  nf  directors  felt  justified  in  proceeding  with 
the  work.     The  tirst  pile  was  driven  on  May  30. 

The  abundant  rainfall  during  the  winter  and  early  spring  of  1S)03 
gave  a  su|)]>ly  of  fresh  water  in  the  Mermentau  and  its  tributaries 
which  was  much  greater  than  that  of  an  average  year.  Xevertheles.s, 
since  the  area  of  rice  land  u.sing  water  from  this  source  had  increased 
to  about  20((,0n0  acres,  and  in  spile  of  the  abundance  of  fresh  water, 
it  was  thought  advisable  to  jmsh  the  wi)rk  rajiidly  to  avoid  any  pos- 
sible trouble  with  salt  water.  Sam])les  of  water  were  systenuitieally 
tidien  and  analyzed  during  liie  early  days  of  summer  to  determine  the 
amount  of  salt  present. 

After  ihe  pumping  season  was  well  liegun  it  was  found  that  in 
spite  of  the  abundant  rainfall  and  consequent  large  surface  ilraiuage, 
tending  to  augment  the  supply  of  fresh  water  in  the  river,  ibe  salt 
waler  hail  worked  its  way  up  the  river  (i3  miles  from  ils  mouth  to  a 
point  very  near  Lake  Arthur  U'fore  it  was  finally  cut  off  by  nu'ans  of 
Ihe  temporary  dnin.  The  mixing  of  the  fresh  and  salt  waters  was 
liirgely  due  to  ihe  action  of  the  tides,  as  well  as  to  the  fact  that  piunps 
along  the  Mermeiilau  and  ils  trilaituries  appropriate  large  (juanti- 
ties  of  the  luu'uud  flow.  The  ajipearanee  of  the  salt  water  was  so 
sudden  and  its  increase  so  rapid  tiial  il  U'came  evident  early  in  June 
that  it  nnist  be  shut  out  if  the  (Tf)i>  of  \W^  was  to  be  saved.  .Vccord- 
ingly.  the  work  was  carried  on  day  and  night,  ami  on  .Tune  lt>  the 
temporary  dam  was  completed.     It  is  l>idieved  that  thi>pro!n])t  action 
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sai'cd  tho  crop  of  1003.     From  this  dati'  until  August  '2.  when  tTie ' 
I'hiiiiiiLd  was  iijruiii  ojh'ikhI  by  reiiioviug  the  shwt  |»iHng  forming  tin- 
diuii,  there  was  an  average  head  of  ;i  feet  of  fresh  water  above  low 
tide  lielil  l)y  the  dam. 

Tiie  drought  wliidi  sot  in  about  tlie  time  harvesting  was  begun  in 
1S)0;^  and  continued  tlirongh  the  winter  reduced  (hi-  flow  of  water  in 
(he  river  and  allowed  tlie  tides  to  mix  (he  suit  water  far  alx)ve  the 
dam  before  (lie  jiernianeiit  structure  was  in  place  to  kee[>  it  out.  As 
the  lock  was  incomplete,  the  opening  had  to  l>e  ]ci'(  in  (he  dam,  as  the 
river  could  not  be  closed  to  navigation. 

The  dum  is  located  lA  miles  Udovv  the  village  of  (Jrand  Chenier 
and  below  every  bayou  oi-  ntlier  intake  for  salt  water.  It  is  8  mile^ 
from  the  Gulf  by  river  ami  '.\  miles  by  land.  This  si(e  was  selected 
Ix'cause  the  Mennentau  is  jicre  only  i'22  feet  wide  and  the  Iwnks  are 
higher  tlian  at  any  other  point  ijelow  Grand.  Lake,  the  east  bank  being 
8  feet  above  high  tides,  and  the  wi-st  bank,  s«jparated  from  the  channel 
by  400  feet  of  niarsli,  is  about  'A  feet  aliove  higli  (ide.  From  tlie  west 
end  of  the  dam,  which  is  422  feet  in  length,  is  a  levee  ex(ending  across 
(he  marsh  to  the  west  bank.  Across  the  chaiuiel  of  (he  river  were 
di'iven  lOS  jjiles  in  two  parallel  lines,  the  lines  iMMug  18  feet  apart  and 
the  piles  8  feet  from  center  to  center.  (PI.  VIII.)  Piles  40  feet  in 
length,  14  inches  in  diameter  al  tlu'  large  end.  and  not  less  than  8 
inches  in  diameter  at  tile  small  cud  were  used.  The  channel  is  13 
feet  deep.  The  bed  is  composed  of  silt  to  a  depth  of  8  feet.  Below 
the  silt  is  hard  blue  clay;  still  lower  is  a  layer  of  shells  and  <)uii'ksand. 
below  which  is  re<l  clay. 

Between  the  two  lines  of  piles  was  constructed  a  colferdam.  wherein 
was  Imilt  the  permanent  strucdirc  (he  inner  rows  of  ]>ilcs  Iteiug  10 
feet  10  inches  from  center  (o  center.  AgaiEist  the  ui)|)er  line  of  out- 
side piles  was  built  the  temporary  dam  of  Wakefield  piling  !>  inches 
thick.  Each  "\Vake(i<'hl  ]>ile  consists  of  three  ]>hinks  liolted  together 
to  form  tongue  atul  groove,  wliich  serve  the  doulile  jiurjiose  of  guiding 
the  sncce-ssive  piles  as  they  are  driven  and  of  making  good  joints 
between  them.  This  temporary  dam  formed  one  of  the  walls  of  the 
coll'erdam  within  which  the  (jeriuanent  structure  was  built. 

Still  another  roAv  of  Wakefield  piling  was  used  tein]K)rarily  2  feet 
outside  of  that,  jdaced  along  (he  two  outer  rows  of  round  piles  for  a 
large  portion  of  the  length  of  the  dam.  This  was  nece.s.sary  because 
the  action  of  the  tides  had  caused  the  temporary  dam  to  sway  back 
and  forth.  an<I  thus  liad  helped  to  render  it  unfit  to  withstand,  with- 
out great  leakage,  the  jires-sure  due  to  a  considerable  ditference  of 
head  of  water  when  the  cofferdam  was  pumjjed  out.  These  leaks 
had  (o  1m'  s(o|)ped  by  niearis  of  a  "  ]iu<hlle  chamber,"  filled  with  earth 
l»etween  tiie  two  rows  of  Wakefield  piling  just  i-eferred  to. 
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In  the  finished  tlaiii  tlic  outside  rows  of  slioot  piliiip  liavc  liei'u 
reitidved,  mul  the  itirior  rows  in  tlie  snine  liavc  been  erit  off  i-veii  with 
the  to|)  of  tlie  tTosspieces,  on  whii'li  tlie  supei-structtiri'  is  built. 
These  piles  were  cut  otf  after  iK'inpf  Hi-!iily  fastened  to  the  (hini  proper 
by  cutting  lirst  the  round  piles  and  then  the  sheet  piliiifr  iis  fur  as 
possible  from  the  inside  and  tlien  breakinjj  otf  tlie  outside  planks. 
The  entire  s]iace  Ix'tween  the  two  outer  ntws  of  Wakefield  |)iliiifi  au'l 
the  double  iioor  shown  in  the  cross  section  was  "waler  filled  "  with 
earth,  which  contrilmtes  to  the  solidity  and  stability  of  the  structure. 

At  the  north  end  of  the  dam  is  a  lock  foi'  the  passape  of  vessels, 
vitli  double  gates  Ixitli  upstream  and  downstream.  The  lock  is 
ItM  feet  long  lietween  the  centers  of  its  gates,  is  nearly  40  feet  wide 
in  the  clear,  and  carries  S  feet  of  water  In-low  mean  low  water.  P!|)es 
;!(■)  inches  in  diameter,  botji  above  ami  below  the  dam,  ]irovided  with 
valves,  are  used  to  level  up  the  water  in  this  lock  when  desired.  In 
the  siijierstrncture  of  the  dam  ther*e  are  forty  l()-f<K)t  shutters, 
which  may  l>e  lifted  in  times  of  higli  water,  leaving  only  the  frame 
work  to  i-esist  the  passage  of  the  water.  This  structure  has  been  so 
..^'signed  ihiit  the  openings  are  ample  to  accommodate  any  flood  that 
is  likely  t(»  occur. 

All  the  tinilier  used  in  the  construction  of  the  dam  was  treated 
with  creosote,  with  tlie  excei)tion  of  the  inside  |>laidvs  i>(  the  two 
'  'side  rows  of  sheet  piling,  which  are  out  of  reach  of  the  teredit,  and 
the  outer  rows  of  sheet  piling  on  either  side,  which  were  con- 
sidered as  temponuT  and  were  utilized  merely  to  strengliien  the 
structure.  The  creosote  not  only  prevents  the  decay  of  the  timber, 
but  also  protects  it  from  the  teredo,  or  shipworm.  wldch  eagerly 
attacks  ordinary  wood  sultmerged  in  salt  water  and  eventually 
destroys  it,  One  and  one-half  millions  of  feet  of  lumljer  were  re- 
(piire«l.     The  cost  of  the  dam  was  a])proximately  $i:iO.(Kl(). 

It  is  Ix'lievecl  that  (he  dam  will  not  only  shut  out  salt  water,  but 
will  also  Ik'  the  means  of  storing  fresh  water  of  the  great  natural 
reservoirs — Grand  Lake.  Lake  .Vrthur.  and  Lake  Miserie — l>esides 
a  nnmlK-r  of  small  lakes  and  Ihousands;  of  acirs  of  nuirsh  land.  The 
jWi.iianent  structure  of  tlie  dam  was  complete<l  July  '21,  lt)04, 
while  suliicient  i^rogii'ss  had  U'eii  made  to  shut  out  the  water  about 
March  1. 

The  estimated  cost  of  tlie  dam  was  greatly  exceeded,  as  the  magni- 
tude of  the  undertaking  was  not  realized  until  the  work  was  well 
under  way.  It  soon  became  evident  that  it  would  be  imj)Ossii>ie  to 
j)ay  for  the  dam  by  means  of  voluntary  contributions,  for,  as  already 
noted,  many  refused  to  contribute;  accordingly  an  ajjpeal  was  made 
to  the  United  .States  (jovernment.  A  committee  was  sent  to  Wasli- 
ington  to  ask  Congress  to  contribute  to  the  project.  !>iit  without 
success.     State  aid   was  next  souirht    and  a   bill    introduced    in   the 
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Liitiisiann  lo«rHlatiirc  [trovidiiig  for  nii  niipruprintinii  t>f  SRfiO.OOO  to 
foiiii)k'(L'  tilt'  work.  Tlif  liiil  wiis  opuosi'd  on  llu-  jjrutiml  tliut  it  was 
unconstitutional,  iintl  was  abandoned. 

NcarUif  end  of  (he  scshion  of  tlio  {ri^nfrally  !isst'n)l>ly.  alK)nt  July. 
1904.  a  liill  was  introdufi'd  civatiiifr  thf  Ixmrd  of  roniini.s.sioiU'rs  for 
the  Mcniifiitau  levw  district,  wilh  authority  to  Icxy  taxes  on  crops 
produced,  jirnpcrty.  and  land  in  the  territory  specilied  in  the  act. 
which  was  practically  the  whole  of  the  Meruientau  watershed.  Some 
of  tliL'  provisions  of  tlie  act  are  briefly  as  follows: 

( 1 )  To  provide  a  tax  on  products  riiised  in  the  levee  district.  This 
ta.\  was  not  to  exceed  -J^  cents  |jer  sack  of  rice  raised  by  means  of 
water  obtained  from  the  Mermentau  or  its  tributaries,  and  a  similar 
tax  on  cotton,  supir,  fruit,  etc. 

(ii)  To  provide  a  levw  tax  of  10  mills  on  all  jiroperty  subject  to 
taxation  for  levee  purposes. 

{■\)  To  |)rovide  a  lax  not  exceedinjr  2i  rents  per  acre  on  all  laixl 
subject  to  irrigation  within  the  le\ee  distri<'t  and  $,50  jier  mile  for  all 
standard-paiipe  railroads  within  the  district. 

(4)  Provision  prohibitinjr  all  common  cai-riers  from  receiving  or 
removing  |)roduce  on  which  the  tax  has  not  been  paid  and  fixing  a 
penalty  for  the  violation  of  this  ]irovision. 

(.>)  Provision  authorizing  and  empowei'ing  (he  board  of  commis- 
sioners to  issue  bonds  to  the  amount  of  $200,U(Ht,  the  proceeds  of 
wliich  are  to  be  used  to  pay  for  work  done  or  in  the  purchase  of 
levees,  locks,  and  dams,  and  other  works  erected  and  purchased  for 
the  ]>rotection  of  the  h'vee  district. 

The  Itoard  of  commissioners  of  the  Mermentau  levee  district  was 
ap])ointed  by  the  governor  about  the  middle  of  .Si'picinlM'r.  VMM,  In 
an  aihlress  to  the  petiple  of  the  district,  published  by  the  pi'ess  of  that 
section,  they  declared; 

The  ptirfiose  and  latent  of  the  proposefl  law  was  no  more  nntl  no  less  tlinii 
this:  Tliut  the  ](ni|M)»e(l  levee  district  should  l>e  uuilntrtineil  tiy  Its  [iiii  rata  of 
the  State's  engineer  fnnil.  and  liy  a  tax  not  to  exceed  21  cents  |ief  hug  mi  He© 
riiisiMl  cm  hnids  Irrlcakil  h.v  w:iter  drawn  frnm  the  .Mernientau  i>r  its  trlhu- 
tiirlc's.  It  WHS  ciinteniiiliitfil  that  this  lax  sliimid  Iw  imld  hy  [lersons  or  cor- 
porationri  itctniiily  pnnipln«  water  from  tiie  .Mernienlna  and  Its  triiiataries — 
not  ity  the  nsers  nf  sH<h  water,  Imt  hy  tlie  pnmix'rs  of  the  water;  that  Is,  by 
tlie  canal  fiiai|iani<'s  anil  perstms  niulutaluing  private  plants. 

They  fiirtlier  declared : 

This  pledge  and  put)llf  doflaration  iiR'aiis  ih>  more  and  It  aicans  ui>  less  than 
this;  Tliat  if  tlie  law  stands  un  the  statute  IxMtks  and  we  are  pennittoU  to 
execute  it,  we  shall  h'vy  no  tax  except  the  tii.x  uf  nol  In  i^xceeil  UJ  ci-nts  a  bnj? 
on  rice  ralsetl  on  hinds  watered  froai  the  .Mermentau  iind  its  trii>utarie«  aiiU 
eoutlguiius  liilies,  wliidi  tax  sliiiii  lie  paid  hy  I'orpnrntlons  or  inillviduais  actually 
puaiping  the  water,  irresjit'ctivi-  of  who  uses  Hit-  water. 
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Tt  WHS  cliiinu'd  tiirtt  till'  tux  of  '2^  wnts  yioi-  su-iv  on  land  and  the 
10-iiiil!  levt'o  tiix  vvonlil  iifver  Ih'  linied;  thiU  tlu-y  wciv  inst'rti'd  t(» 
facilitate  the  issuing  of  bonds,  and  without  these  provisions  it  would 
W  itnpossitile  to  (Hs|>os«'  of  thi'  honils. 

The  o])positi<»n  says  that  ilicre  is  no  -^uarunty  tliat  the  Imard  of 
fonimissioners  will  always  be  of  this  mind,  and  wliilc  the  board  Hrst 
appointed  may  endeavor  to  earry  out  this  jdan.  thei-c  is  no  ifiianinty 
flint  Ibis  will  Im'  the  policy  in  the  future  with  the  possiliility  of  a 
different  iHTsonnel  on  tlie  board.  Meetings  were  held  by  men  oj)- 
jmseil  b>  the  art  in  various  )>arts  of  the  district,  and  it  was  decided  to 
light  the  law  in  the  courts.  Meanwhile,  the  board  of  conunissioners 
had  not  organized  and  had  never  held  a  meeting. 

An  injuuctiim  was  granted  against  the  Imard  on  Octr»l»or  f^.  "en- 
joining, restricting,  and  pr<)hibiting  tlieiu,  individually  and  collect- 
ively, from  {jerforming  any  of  the  functions  or  exercising  any  of  the 
])owers  conferred  on  them  by  the  law  cn'ating  the  Mc-rmentau  levee 
district,  or  in  any  way  attempting  tit  organize  or  carry  into  effect  the 
provisions  of  said  act." 

Such  is  the  present  status  of  the  case,  which  it  is  exi)ected  will  be 
taken  up  during  the  present  term  of  the  district  court. 

Mention  has  previously  lK»en  made  of  the  lowering  of  the  water 
Ixdiind  the  dam  iliiring  the  s<'ason  of  l!i04  to  a  depth  of  4  feet  below 
mean  tide  level.  The  lowering  of  the  water  level  caused  some  difli- 
culty  to  navigation  in  the  lower  lakes.  The  United  States  engineer 
in  charge  of  the  tei-ri.torv  in  which  the  dam  was  built  called  upon  the 
Rice  Irrigation  and  Iiuijrovement  Association  to  answer  some  ques- 
tions regarding  the  dam  and  its  effect  on  navigation.  The  answei-s  to 
the  questions  were  in  substance  as  follows: 

The  MeriiieiitiUi  il.iiii  lias  siiveil  tlic  <TO|i  (if  1!104. 

Tlieiv  is  (trm  til  idly  im  fri'inUt  ti-allic  tin  the  MenueatJin  iliirlng  tlie  siuiinier 
i^n.soii ;  tlie  triUtle  on  llie  river  is  imicticnil.v  nil  deiieiyilent  on  tlie  riee  erop. 
It  Is  (lilt  niiisiiliTiHl  Hull  iiii.v  il:iiiia;;«'  liiis  rcsiiiteil  :  tin  the  iiiiitrnrj:,  iiavlRa- 
tioii  wimlii  \<o  raiiieil  tliruUKli  Hie  fiiiliire  of  tlie  riee  itoji. 

HreilKliiK  1ms  lieeii  cimteaiitliited  fm-  lmi"s  wblcli  exist  ut  the  liiwer  end  of 
(.Jniiiil  Liilce  aiid  »t  the  nmuth  of  the  I.acciislne  in  order  to  restore  uornial  deptb. 

If  the  season  could  Ih>  Itegun  with  2  feet  of  water  impounded  and  the 
level  reduced  4  feet  it  is  ]iossible  that  the  )>resent  acreage  of  rice  could 
lie  irrigatcil.  for  it  is  claiiueil  that  2  feet  above  mean  tide  level  means 
consideral)le  more  than  2  fw>t  Im?1ow  on  account  of  the  spreading  of 
the  water  over  a  large  area  of  marsh  laud  and  swamp.  Farming  in 
the  Mermentau  country  i'^  U'coming  more  and  more  diversilied,  caus- 
ing a  decrease  in  the  acreage  of  rice  to  be  irrigated. 

The  ]>rolilem  of  keeping  out  the  salt  water  is  important  not  only  to 
the  rice  growers  along  the  .Mermentau  and  its  tribularies.  but  also  to 
those  having  interests  along  Bayoii  Vermilion  and  Calcasieu  River 
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ill  Louisiana  and  Taylors  ant)  Ilildi'Urnnts  biiyous  in  Texas.  Tii 
soint'  of  tliese  eases  tliere  is  a  diH'eivnee  in  tlif  prolilein  due  to  the 
lack  of  storage  capacity.  Along  streams  with  a  very  limited  sup])!y 
of  wiiter  it  woidd  l>e  disastrons  to  increase  the  acreage  of  rice  indefi- 
nitely, as  that  would  mean  I'uin  to  all  concerned. 


USE  OF  WATER. 


i 


In  many  cases  much  more  water  was  used  dnring  the  season  of  lOO? 
than  wa.s  abs<}lntely  iieedeil  by  the  crop.  Two  farmers  along  the 
canals,  having  the  right  to  demand  water  as  needed,  often  had  their 
fields  Hooiled  to  the  full  capacity  of  their  levees  to  hold  the  water, 
ju.st  before  a  liberal  rainfall  occurred.  This  surplus  water  could 
not  be  held  by  the  levees  and  would  have  given  an  undesirable  depth 
of  water  over  the  fields  if  it  could  have  been  lield,  and  so  lunl  to  In? 
wasted.  The  canal  owtuTs  could  luit  regret  this  waste,  while  the 
fanner,  who  was  paying  for  the  irrigation  liy  means  of  a  portion  of 
liis  crop,  i'egii!'<lless  of  the  anioinit  of  water  used.  ])robably  did  not  feel 
the  same  intere;^t  in  the  ]>robleui.  It  seems  likely  tliat  some  method 
of  cooperation  between  the  company  furnisliing  the  water  and  th« 
men  using  it  might  residt  in  its  niore  economical  use.  If  all  water 
could  be  sold  Ity  uu^asurrment  there  would  be  a  cominou  interest  which 
would  of  necessity  develop  a  spirit  of  cooperation. 

The  owners  of  small  farms,  with  their  own  wells  ami  pumping  out- 
fits, are  the  masters  of  (heir  own  water  supplies;  they  have  the  disad- 
vantage due  to  small  plants  that  are  c<)m|»aratively  wasteful  of  fuel 
and  must  lose  the  LM-nehts  l(»  be  dei'ived  from  doing  things  on  a  large 
scale,  which  tiie  canal  comj)anies,  with  their  larger  and  more  economi- 
cal plants,  enjoy. 

In  s(jute  hx'alities  the  small  jilants  anil  wells  are  alone  iio.ssil)le;  in 
others,  the  jjlanler  may  clioo>e  between  the  two  methods.  The  exjieri- 
ence.  of  the  first  year  in  operating  a  lai'ge  canal  system  lias  often  In-en 
unsalisfactory  because  of  unforest>en  difficulties,  such  as  bi-i-aking 
down  of  nuichinery  or  levees,  or  ti'(juble  due  to  itu'.vperieiii'e.  Thes<! 
troubles  seldom  appear  after  the  first  year;  yet  a  failure  to  make  a 
crop  often  leads  to  a  desire  on  the  part  of  the  farmer  to  he  able  to 
regulate  his  own  su])ply  by  having  an  inde]iendent  ])lant.  On 
the  t>thei'  hand,  the  small  [ilants  have  In^en  known  to  develop  defects 
and  to  cause  disappointments  in  \'arious  ways.  Among  the  men  who 
have  tried  both  ways  there  are  tii  Ix'  found  ad\-oeates  of  each  method. 
The  conclusi<n)  arrived  at  is  always  go\erned  liy  individual  experience 
and  must  be  settled  according  to  local  conditions. 

Conditions  during  the  season  of  lt)()4  were  quite  abnormal  as  reganls 
the  us{'  of  water.  The  field  experimented  with  in  Te.xas  was  latu 
nee,  and  the  two  in  I.,ouisiana   wcrc>  even  later.     lu  every  case  the 
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irrifratinf":  was  fomnieiirod  in  Juno.  The  fil>nn<innt  ruins,  whit-li 
blarted  ilnriiij^  tlie  liittcr  pari  of  Jiuii"  niui  I'ontimu'd  tiirongliout  llic 
i-emainder  of  tlie  season,  liud  Ihe  eiloct  of  reducing  thi'  iinioniit  of  Himd 
water  to  an  unusually  low  amount  in  both  cases  in  Louisiana,  and  to 
sonic  extent  in  Texas.  The  conditions  were  ditl'erent  at  the  Texas 
station,  as  the  Held  was  watered  from  a  well  and  there  was  no  rainfall 
diirinp  the  first  tliree  weeks  of  June  and  eoni]>«ratively  little  for 
nearly  a  tnoiith  followin<i  Auirnst  15.  In  one  case  in  Lonisianu  the 
Hood  water  was  5.01  inches  of  depth  over  the  Held  and  in  the  other  5.44 
inchits  of  depth.  The  former  one  was  on  a  Held  near  Kstherwooii, 
La.,  the  same  one  experimented  with  last  year,  when  12.t'>7  inches 
depth  of  fitmd  water  was  required.  These  figures  show  the  peculiari- 
ties of  the  M-ason  in  a  striUiner  maimer. 

It  is  interest iiifr  to  nole  that  ahout  four-fifths  of  the  water  used 
in  1904  was  applied  durin<r  llie  first  three  weeks  after  irrigation 
started,  and  that  the  rate  at  which  it  was  applied  was  ahout  the  same 
as  the  rale  in  l!i03,  hut  ihc  (hKiding  season  was  shttrter 

The  early  rice  received  a  much  larger  quantity  than  the  late  rice 
in  11104,  for  the  total  water  pumped  into  the  Milk-r-Morris  canal, 
from  which  the  Held  was  vupplictl.  was  sullicienl  to  cover  (lie  entire 
area  irrigated  lo  a  depth  of  19.77  inches,  the  hirger  part  of  whiih  was 
used  on  tlie  early  rice. 

Inilividiial  farmers  dilfer  in  their  metliods  of  flooding  rice  and  in 
the  amouni  of  water  which  they  consider  will  [iroduce  the  Ijest 
results.  It  is  ])rol)al)le  that  olhcr  fields  in  this  section,  wliich  were 
planted  at  the  same  lime  as  llu)se  t'Xj>erinH'nled  with,  received  more 
\Mitcr  for  this  reastju.  While  the  peculiarities  of  the  season  of  U)(M 
residle<l  in  a  large  amount  of  Hoctd  waters  for  early  ami  ii  smali 
am()unt  for  late  rice,  another  season  witli  ditl'erent  meteorological 
conditions  mighl  reverse,  the  order.  Continued,  weil-distrihiited 
rains  are  aii-onipanied  hy  a  huniiil  atmosphere  favorable  to  tho 
growth  of  rice.  The  climalic  conditions  may  render  rainwater  m<n-i' 
efficient  than  the  c<nres])onding  aniounl  of  Hood  water.  Many  con- 
sider rain  as  necessary  for  the  .successful  raising  of  a  rice  crop,  at 
least  for  the  lM>st  results. 

While  some  successful  planters  contend  that  it  is  only  neces.sary  to 
have  the  soil  satunited  with  moisture,  olliers  claim  that  liest  results 
are  obtained  from  !i  consiilerithle  tleplh  of  water  up  to  the  time  of 
harvesl.  Appareiilly  farmers  are  learning  to  use  water  more 
economically,  realizing  that  it  is  [lossible  to  have  too  much  as  well 
as  1<K)  little.  As  previ((usly  stated,  water  as  commoidy  used  in  rice 
irrigati<m  on  the  Gulf  coast  kills  grass  and  weeds  as  well  as  supply- 
ing an  essential  to  the  growth  of  rice,  and  as  iht-  rice  is  not  culti- 
vated and  weeils  are  rarely  pulled,  this  function  of  water  is  impor- 
tant.    In  Ihc  following  pages  yields  are  stated  in  sacks  per  acre. 
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The  results  were  oUainei!  nt  tht'  ihnislier  in  llie  Held.  Ivoiigh  rice 
as  it  comes  from  the  thrasher  is  usually  pluwd  in  sacks;  the  weight 
of  the  siifk  varies  from  1(>0  to  '200  pounds,  with  an  average  value  of 
about  l!SO  pounds.  Rice  is  sold  in  the  rough  Ijy  the  barrel,  which 
represents  a  weight  of  102  pounds. 

The  unit  of  clean  rice  is  the  pocket  which  weighs  100  pounds.  In 
general  a  barrel,  or  1<>'2  ))ouuds,  of  rough  rice  will  |)roduce  100 
pounds,  or  1  pocket  of  merchantable  clean  rice.  The  barrel,  or  44 
pounds,  is  not  used  as  a  unit  in  the  measurement  of  rice  in  the  Gulf 
coast  country. 

The  price  per  sack  for  the  crop  of  1904  has  varied  from  $1.25  to 
$i*.30  jier  sack  for  Japan  rice  and  from  $l.'2o  to  !ii;i.30  per  sack  for 
Honduras. 

DUTY  OF  WATZE  AT  E8THERW00D.  LA.,  m  1903. 

Two  stations  for  the  measurement  of  water  used,  of  rainfall,  and 
of  evaporation   wei-e  maintained  in   the  rice  country  of  Louisiana 


Via.  (IS, 


IBU  uf  I'lce  Ik-lil  ni  r.siherwooU.  La. 


i. 


and  Texas  during  the  irrigation  season  of  1003.  One  of  the.se  sta- 
tions was  located  on  the  nuiin  canal  of  the  Miller-Morris  Canal,  Irri- 
gation and  Land  Company,  aljout  .'J.."*  miles  south  of  Estherwood,  La., 
while  the  olliei'  was  located  on  a  lateral  on  the  main  canal  of  the  San 
IJernardo  Riee  Canal  Com])any,  of  Austin  County,  Te.x.,  about  It) 
miles  northeast  of  Eagle  Lake. 

The  soil  about  Estherwood  is  quite  similar  to  that  at  Crowley  and 
is  characteristic-  of  Acadia  Parish.  It  may  be  designated  as  a  loam 
clay.  The  subsoil  is  a  heavy  clay,  in  some  places  considerably  strati- 
fied. The  tract  of  land  selected  was  located  on  the  farm  of  S.  A. 
Robbins  atui  contained  I70.<>S  acres,  by  accurate  survey. 

On  this  area  water  was  used.  However,  the  rice  was  not  harvested 
on  an  area  of  4.35  acres,  on  a  portion  of  which  the  crop  was  so  poor 
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ihat  it  was  not  coiisitliTcd  woilh  while  to  harvest,  iind  on  another 
portion  of  which  it  was  a  total  failure.  About  1  acre  of  this  latter 
was  coverp)!  witli  the  walcrweed  (PoiKjatium  zet/ltini'-iiw).  which  had 
attained  a  lieight  of  about  4  feet,  no  rice  growing  with  it.  The  net 
urea  from  which  rice  was  harvested  was  lGt).33  acres.  Japan  rice 
was  raised,  the  total  yield  being  1,860  sacks,  or  10.89  sacks  per  acre 
irrigated. 

'File  measuring  flume  was  located  on  the  main  canal.  Figure  68 
shows  the  plan  of  the  Held  and  the  location  of  the  levees.  TJie  rain 
gauge  and  evaporation  tank  were  located  in  the  field  near  by.  The 
crop  was  planted  about  April  25.  Irrigation  was  begun  on  May  21) 
and  conelurled  on  August  Li2,  althoiigji  water  was  not  turned  otf  until 
the  following  week.  During  this  period  the  field  received  through 
tlie  flume  enough  water  to  cover  it  to  a.  depth  of  12.(57  inches.  The 
rainfall  during  the  irrigation  swison  amounted  to  19  inches,  while 
the  evaj)oration  was  15.(51)  inches.  This  left  l.").!).S  inches  of  water  to 
supply  that  absorlwd  by  the  soil  and  taken  up  by  the  rice  jilants 
during  tiie  period  of  growth.  The  rainfall  was  over  20  per  cent  in 
excess  of  tlie  fhMxl  water. 

The  following  table  shows  the  depth  of  water  retreivefl  l>y  the 
E.stherwood  rice  field  during  the  thirteen  weeks  of  the  irrigation  sea- 
son, and  also  the  weekly  rainfall  and  evajjoration  at  the  station: 

Depth  III  inilcr  used  on  Eslherutmil  rive  firtil  ami  ritiiifiill  and  ei-aptiiatioti  en<-h 
ireek  of  the  irrii/ation  neaxon  of  lHi)3. 


Week  endiOK— 


Flood 
w»tor. 


BainteU. 


Erapo- 
ratioti. 


May  .11 

JuDe  (I 

JuiK'  13-... 
IXUM'W 

JnneS7.... 

jQly  4 , 

JulyH.... 

Jnly  IK 

JiilySr>.... 

Aut^Uht  1.. 

Au(tu»t8.. 
AnguHt  15. 
AURiutm. 
AngiutW. 

Total 


1.90 

.40 

1.01 

CIl 

l.U 

.OS 

.01 

S.Oi 

.Qfi 

.IS 

.00 

1.11 
1  m 

.») 


tnektt. 
1.20 

.no 

1.00 
<.&8 
8.  SI 
2.00 
l.W 
.79 
.00 

a.<u 

1.00 
.54 
.70 


U:87 


Inehfa, 

n..v» 

1.00 

.25 

.88 

1.81 

1.35 

1.42 

1.01 

.M 

1.44 

1.37 

1.42 

5ft 

1.44 


u.ao 


15.  SB 


DUTY  OF  WATER  AT  EAGLE  LAKE,  TEX.,  IN  1903. 

The  land  of  the  San  Bernardo  Rice  Canal  Company  is  a  red,  sandy 
loam  mixed  with  clay  and  has  a  heavy  clay  subsoil.  The  nature  of 
the  surface  soil  is  quite  variable,  being  in  some  places  nearly  a  pure 
l*)am  and  in  othei-s  compo.stnl  almost  entirely  of  clay;  in  general,  how- 
ever, it  is  a  mixture  of  the  two.  The  tract  of  land  selected  was  sur- 
veyed and  found  to  contain  71.18  acres;  on  a  part  of  this  field  Hon- 
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duras  rice  was  grown  ami  on  another  part  .Jajjiin  riw.  The  toial 
j'ield  was  G35  sacks,  or  8.92  sacks  |3er  acre.  The  tield  was  planted 
about  May  10.  The  ineusiiring  Hume  was  iocaled  on  a  lateral,  as 
siiown  in  (he  plat  of  the  ex]H'riniental  field  (tig.  09).  The  evapora- 
tion tank  was  placed  near  the  flume,  wiiile  for  convenience  of  reading 
the  rain  gauge  was  loeatetl  near  the  residence,  a  short  distance  from 
(he  field.  Irrigation  was  ix'gun  June  30  and  concluded  Septeml^r  '2. 
wliih'  the  water  was  turned  ofT  a  week  later.  During  this  period  the 
field  received  enough  water  through  the  flume  to  cover  it  to  a  depth 


■ 


1 


of  7.37  inches.  Tlie  rainfall  during  the  irrigation  season  was  13.78 
inches  and  the  evaporation  9.83  inches.  This  left  11. 32  inches  net 
depth  of  water  received  hy  the  land.  During  the  week  ending 
August  1  there  was  a  very  remarkahle  rainfall  of  7..V2  inches:  (ho 
rice  iield  had  heen  liherally  irrigated  about  two  weeks  previous  and 
hiui  received  a  small  additional  amount  of  water  only  a  few  da3's 
la'fore  this  ahnortnal  rainfall.  The  result  was  that  tiicre  was  an 
undesirable  depth  of  water,  even  if  the  levees  were  capable  of  holding 
it,  and  so  a  portion  of  (he  water  was  wasted  by  cutting  the  levees. 
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There  was  no  accurate  way  to  measure  tlio  amount  wasted,  but  it  was 
estimated  at  one-half  the  total  rainfall  for  that  week,  or  3.7(j  inches. 
Again,  a  break  in  an  outsidi'  levof  duritifr  the  latter  part  of  Angnst 
caused  a  loss  of  water,  wliich  was  replenishfd  l).v  the  irrigation  of 
August  31  and  September  1  and  3.  The  amount  of  water  used  dui- 
ing  these  three  days  iuiumiited  to  ii  depth  of  0.77  in<'h.  .The  amount 
of  water  on  the  field  previous  to  this  break  was  probably  sufficient  to 
mature  the  crop  liad  no  loss  wcurred  at  that  time.  All  the  measiii-e- 
nients  at  this  station  were  taken  with  the  greatest  care  and  are  abso- 
lutely reliable;  they  are  of  great  interest  in  spite  of  the  fact  that  the 
net  amount  of  water  is  not  definitely  known.  If  we  disreganl  the 
two  losses  referred  to  aixive,  the  net  depth  of  water  absorlx»d  by  the 
soil  and  taken  up  by  the  rice  plants  during  tlie  irrigation  season  was 
11.32  inches,  while  if  we  accept  the  estimate  that  onedialf  of  the  rain- 
fall during  the  week  ending  August  1  was  wasted,  the  net  depth  is 
reduce<l  to  7..'i(>  inches.  Undoubtedly  the  true  amount  was  some- 
where Ix'twcH-n  these  two  extremes,  and  therefore  is  of  value,  as  it 
represents  the  minimum  depth  of  water  measured  previous  to  l!i04  in 
rice  irrigation. 

The  following  table  shows  the  depth  of  water  received  by  the 
Eagle  Lake  rice  field  during  the  ten  weeks  of  the  irrigation  season, 
and  also  the  weekly  rainfall  and  evaporation  at  the  station. 

lii-ptlt  of  iratcr  uited  on  Eayh'  I.akr  ricr  flrltl,  tiiiil  niiiifnil  titiiS  rvapvratUm  each 
week  of  the  irriyolion  gfastm  of  1H03. 


Week  ending- 


Flo,  xl 


RainfftU. 


Er»po- 
ration. 


July    « 

Julv  11 

July  18 

July  a') 

AntruHt   1 

August   A 

Auffust  15 

AuKuntSt 

August  20 

September  S . 
September  13 . 
B^tember  19 . 


Incha. 

2.44 
.82 

2.08 
.00 
.OS 
.00 
.00 
.08 

■S 

.77 
.00 
.00 


tneht». 

2.T7 
.00 
.00 

.00 

■  7.62 
.» 
.37 
1.06 
.78 
.07 
.16 
.16 


Ineku. 

o.e 

1.20 
1.16 
1.19 


.18 
.97 
.64 

.88 


Total. 


7.87 


18.78 


B.88 


•  One-half  wnated,  maklnK  tntnl  rainfall  retained  on  fleld  10.02  Incbea. 

DUTY  OF  WATER  IN  1904. 


During  the  irrigation  sea.son  of  1!»04,  three  stations,  for  the  meas- 
urement of  water  u.sed.  of  rainfall,  and  of  evaporation,  were  main- 
tained in  the  rice  country  of  the  Gulf  coast;  two  of  these  were  in 
Louisiana  and  one  in  Texas. 
30620— No.  158—05 34 
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Of  tiic  two  -stations  in  Louisiana,  one  was  neur  Estherwood,  on 
the  farm  of  S.  A.  Robbiiis,  the  field  exporiinentod  with  being  a  part 
of  that  on  which  nR'asuremeiits  hntl  tn'on  niiuk-  during  the  season  of 
1903.  The  other  station  was  kK-ated  near  Crowk'v,  on  land  owned 
by  Ablmtt  Brothers.  Both  of  these  exjH'rinient  tiekls  received  water 
from  kirge  cannl  systems,  the  first  from  tlie  Miller-Morris  and  the 
second  from  Abbott  Brothers'  cacial. 

The  station  in  Texas  was  located  on  the  farm  of  Mr.  S.  Phelps,  in 
Wharton  County  near  Nottawa,  about  .">(»  miles  west  of  Houston. 
The  water  used  was  obtained  from  a  shallow  well  and  tlie  records 
are  the  first  obtained  in  well  irrigation. 


DUTY  or  WATER  AT  ESTHEBWOOD,  LA.,  IN  1904. 

Water  measurements  were  made,  as  already  stated,  on  a  portion  of 
the  experiment  field  used  last  season,  the  area  being  HS.Q  acres. 
Water  was  received  throuph  the  same  flume  and  all  observations 
were  taken  by  tlie  same  observer  as  durinjr  tlie  season  of  15)03.  The 
iy(M  crop  was  later.  The  first  flooding  occurred  between  June  8 
and  .June  '20.  Two  other  small  floinlings  occurred  later,  but  the 
(]uantity  used  in  both  cases  was  very  small.  The  long  period  from 
June  30  to  August  1S>  in  which  no  ttowl  water  was  applied  to  the  field 
illustrated  the  peculiarity  of  the  season  of  lit04  in  (his  section,  tht^ 
raiiifidl  iw'ing  ample  to  otl'set  evaporation  and  supply  the  needs  of  the 
rice  for  tlie  greater  part  of  Jidy  and  a  part  of  August. 

Irrigation  was  begun  .Tune  !l  and  concluded  .\ugust  27,  and  water 
was  turned  otT  about  Septemlx'r  3.  During  this  jieriod  the  field 
received  through  tlie  flume  enough  water  to  cover  it  to  a  depth  of 
5.01  inches.  The  rainfall  during  the  irrigsitiiig  season  amounted  to 
l^.Tii  inches,  while  the  evaporation  was  14.i>l  inches.  This  left  ^S>'2 
inches  of  water  to  sujiply  that  absorlK'd  by  the  soil  and  taken  uj)  by 
the  rice  plants  during  the  peri(jd  of  growth.  The  latter  rpiantity 
is  comparatively  small.  Tliis  field  of  rice,  after  receiving  one  flood- 
ing, experienced  contimied  rain  and  the  rains  were  accttmiianied  by 
a  hrnnid  atniosj)here.  No  water  was  wasted  on  this  field,  and  on  the 
other  hand,  (lie  rice  did  not  suffer  for  water. 

The  yield,  on  the  S)S.()  acres  planted,  was  7f>0  sacks,  or  almost  ex- 
actly 8  sacks  to  the  acre,  nearly  3  sacks  less  than  the  previous  year. 
Japan  rice  was  raised. 

Tlie  following  table  shows  the  de|)th  of  wnter  received  by  the 
Estherwood  rice  (ield  during  the  thirteen  weeks  of  the  irrigation 
season,  and  also  the  weekly  rainfall  and  evaporation  ut  the  station. 
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Depth  of  trater  used  on  Estherwooil  rice  fteUl.  a»it  iithifull  ami  evaporation  eaih 
iceek  of  the  irrigation  »eaaon  of  190^. 


Week  ending:— 

Flond 
water. 

Bainfmll. 

Evapora- 
tlon. 

• 

June  11 .,., ..„. 

Jnnt!  11* 

jHcha. 

au 

8.«6 

f        -48 
.81 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.80 
.00 

tnclia. 
0.B2 

.81 

.00 
1!.06 
8.«8 
8.M 
1.40 
8.86 

.S3 
1.78 

.44 
1.4U 

.80 

/rcA<«. 
0.W 
l.W 

JuDL*:!5 . 

.se 

July  !i 

l.SH 

Julv« J» 

1.07 

July  16 

1.51 

Jnlv«t 

1.88 

.July  au 

.88 

AufjOBt  6 , .". 

AuKUHt  13 

.84 
.87 

Auffoat  ai ...,.,_. 

1.75 

AugOBt  S7 

1.34 

Septi-mberH 

1.06 

Total 

5.01 

18.  EC 

14.91 

DUTY  OF  WATEK  AT  CROWXEY,  XJi.,  TN  1904. 

Tlie  station  near  Crowley  was  located  on  land  owned  by  .Vblxttt 
Brothers,  ii  short  distance  from  (he  field  on  whicli  wuter  meiis- 
(irenieiits  were  nuule  in  IHOI.  The  riee  was  sown  hite  ami  was  hrst 
irrif^ated  June  15,  and  continued  to  receive  some  water  each  day  up 
to  iuid  irieliidinf?  July  11.  -Vfter  this  date  there  was  a  period  of 
forty-three  days  in  which  no  flood  water  was  iiseil.  During  tlie  last 
days  of  August  a  small  amount  of  flotjd  water  was  again  used. 
Water  was  turned  off  the  fitdd  alxmt  Septendier  IT.  During  titis 
period  the  field  received  thnnigh  the  flume  enough  water  to  cover  it 
to  a  ilepth  of  5.44  inches.  The  rainfall  during  ttie  irrigation  season 
ainminteil  to  20. M  inches,  while  the  evaporation  Avas  IH.IiO  inches. 
This  left  litis  inches  of  water  to  suj)ply  that  ahsttrlK'd  by  the  soil 
and  taken  up  by  the  rice  phints  during  the  period  of  growth. 

The  rainfall  is  seen  to  be  nearly  four  limes  the  de[)th  of  the  flootl 
water,  the  ratio  Inking  nearly  the  same  as  that  at  Estherwood  during 
the  season  of  1!)()4. 

The  area  of  the  experimental  field  was  (J2  acres.  From  this  area 
3;i4  sacks  of  rice  were  harvesteti,  or  an  average  of  5.38  sacks  per  acre, 
which  is  Iwlow  the  average  yield  for  the  Crowley  district.  The  field 
was  rather  grassy. 


I 
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Depth  of  water  used  on  Crowlcu  rice  field,  and  rainfall  and  evaporation  each 
week  of  llif  irrigation  geoimn  of  19tH. 


"Week  ending- 


Juno  18 

Juno  25.1 

J\ilv  S 

July« 

July  16 

Jnly23 

Julyao 

August  0 

Autnint  IH 

Autcu8t  80 

AnifUHt  27 

8i<pt«'mber3.. 
September  10. 
Suptembcr  17 . 

Totol.... 


Flood 
water. 


Inchf*. 

o.sa 
.» 

i.et 

1.51 

.47 

.no 

.00 

.at 
.v> 

.00 
.01 

.» 

.00 
.00 


S.M 


Rainrall. 


Evapora- 
tion. 


Inche*. 

&ao 

.00 
l.M 

.W 
8.116 

i.oe 

.58 

.88 
4.38 

.1" 
1.14 
1.2H 
l.Xt 

.00 


20.  &4 


1. 911 

1.44 

1.7U 

.iM 

III 

\.ai 

.70 
.82 
.44 
.88 
.441 
.88 
.73 
.38 


13. :« 


r 


DUTY   or  "WATEH   AT   NOTTOWA,  TEX.,  IN    1904. 

The  soil.about  Nottawa  is  a  sandy  loam  with  clay  subsoil,  the  clay 
heiiig  G  indies  to  18  inches  below  the  surface.  There  is  a  stratum  nf 
water-henritio;  sand  and  {>:ravel  uiidertying  the  clay,  the  thickness  of 
the  stratum  varying  from  12  to  '2(i  feet,  and  its  top  being  alumt  tlie 
i<ame  distance  below  the  .surface  of  the  soil.  The  field  experimented 
with  was  supplied  with  water  by  means  of  a  5-inch  horizontal-shaft 
centrifugal  pump,  rope  driven  from  a  countershaft,  which  in  turn 
was  driven  by  means  of  a  lielt  from  a  20-horsepower  gasoline  engine. 
The  entire  amount  of  water  pumped  by  this  plant  was  used  on  a  (>0- 
acre  field,  on  which  a  crop  was  grown  consisting  in  jiart  of  Japan-ami 
in  part  of  Honduras  rice.  The  yield  was  about  (>00  .sacks,  or  10  sacks 
per  acre.  The  crop  was  sown  the  last  week  of  May.  Pumping  was 
begun  on  June  :i.  and  was  continued  daily  up  to  and  including  .Viigust 
3.  By  this  time  the  rains  in  that  section  of  Texas  had  liecome  fre- 
(juent  and  sufficiently  abundant  to  make  it  jmssible  that  further 
pumping  would  l>e  unnecessary.  However,  it  was  decided  to  resume 
pumping  on  August  22,  and  for  over  two  weeks  following  that  date 
water  was  again  obtained  from  the  well  to  flood  the  rice.  All  the 
water  pumped  was  measured  l)v  means  of  a  weir,  as  there  was  snfti- 
cient  fall  to  allow  its  installation. 

From  June  lH  to  July  17  there  was  more  or  le.ss  trouble  with  the 
pump  and  rope  drive,  causing  some  delay,  while  both  before  and  after 
this  period  the  amount  of  water  furnished  was  fairly  uniform. 
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Duly  of  iiatrr  iixed  on  Sottaira  rice  flelil,  Irrii/atcil  by  iiicniin  of  u   irell :    oMo 
rtihifall  aiitl  mspitration  each  week  of  Ihc  Hcasoii  of  7W0.}. 


Week  endlim— 


June  4 

Juno  U 

June  tH 

June  25 

Julys 

July  1) 

July  l« 

July  SJ 

July  3U 

AoKnstll 

August  13 

Au((ust  2l> 

Autni^t  jft 

September  3 . 
Soptenilier  10 
Beptomber  IT 
Septemlier  24 
October  1  .... 

Total . . . 


Flood 
water. 


Ineht*. 
O.XS 
l.KO 
l.Tit 
.82 
1.01 
1.34 

l.M 
l.» 

.80 
.U) 
.00 
.S8 
.BT 

.*: 
.on 
.no 
.no 


14.12 


RkinfaU 


Evapoxa- 
tlon. 


Inchrt. 

0.00 

.00 

.00 

«.W 

.ao 

i.ao 

.(I) 

l.«5 

i.as 
i.(» 
«.w 

.45 

.00 
.46 
.40 
4..'ill 
.40 

i.ao 


».«T 


InrhrM. 

I. SO 

1  .w 
i.r.o 

l.-JH 

i.m 
i.os 

l.Sfi 
1.10 
1.10 
l.(B 

.(« 

,KI 
.81 
1.01 
.40 
.fill 
.K> 

.ao 


18.  a 


COMPARISOIT  OF  BESTTLTS  OF  WATER  MIASITEEMENTS  IN  RICE 
IRRIGATION  FOR  FOUR  YEARS. 

A  comparison  of  tlio  rosiilt.s  of  the  ineasiireinenls  i)f  Uw  water 
riHiiiirt'iI  in  rice  irrigation  during  the  last  four  years  is  of  interest, 
as  tlie  dry  seasons  of  1901  and  15)0-2  itiffered  from  those  of  lOO^l  and 
1!I04  to  a  inarlced  degree.  The  season  of  lOU;)  liad  a  hackward  spring. 
foHowing  a  winter  of  plentiful  rain.  The  soil  contained  much  mois- 
ture at  the  Iwginning  of  the  season,  and  the  continued  and  well- 
distrihuted  rainfalls  furnislied  wiiter  not  only  directly  to  the  ileitis, 
hut  also  gave  a  bountiful  supply  to  the  pumping  plants. 

The  sea.soii  of  1!)0-1  upeiied  very  early,  with  the  .soil  in  good  condi- 
tion to  receive  the  crop,  while  for  later  planting  it  was  too  dry.  The 
drought  of  the  winter  preceding  the  irrigating  season  of  11)04  Inid 
lH?en  the  cause  of  a  shortage  in  the  supply  of  irrigating  water  in 
streams  and  in  wells.  The  rains  of  the  latter  part  of  June  and  on 
through  the  remainder  of  the  season  were  timely,  but  nevertheless 
accompanied  by  peculiar  climatic  conditions,  different  from  any  pre- 
viously e.\{x^rienced.  The  crop  of  1904  was  light  in  yield  and  poor^ 
in  quality. 


I 
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The  table  following  gives  a  summary  of  results  obtained   in   the 
wator  iiR'asiiromeiits  of  tlie  lust  four  years: 

Summary  of  itkiiIIh  of  nwunurcnientii  of  tin-  nmomii  of  water  used  in  rice  irri- 
Ualion  for  the  year*  JDOl.  lOOi.  1903,  and  lOOJ). 


Ytmi.  I    LomtioD  of  station. 


?2fm  |B«ito-  I  Total 
^y     fan.     depth. 


<iaui 

fUKK 
18(« 


Inchon.  Tnche*.  Inches. 

Crowley.La 16.'«      lO.Oi  I    MSI 

Raywood,  Tex i    IB.WJ       ».15  |    38.81 


Erapo- 
Tation, 


.do. 


Avera^ . 


tea,  L 
iwH  EBthorwood,  Tm. 
KKH  Enitli-  Liiki-,  Tox 
l»m  I  Esthorwood.  L»- 
1804  frowley,  Iji 
UM     Nottawn,  Tex 


19.71 
23.  M 

12.87 

B.Ol 
fi.U 
14.12 


laTS 


11. (JH 
7.111 

la.oi 

13. 4H 
IN  S£ 

18.07 


ai.7« 

Hll.74 

m.97 

91.  W 
23.5.S 
».<I7 
St.  OR 


Inrheg, 
14.47 
IH.OU 
II. W 
11. GS 
15.  W 
A.Kl 
14.91 
18.  i» 
18. » 


Ket  dspth.!' 


hwhea. 
U04 
12.78 

ia.:M 

19.21 
15  98 
7.5BtolLaS 
8.  US 
12.68 
lfi.84 


14. »      28.10 


'las 


Season.  0 


Vnyn, 
83 
71 
Bl 
77 
98 
84 
91 
98 
119 


Averagre 
evapo- 
ration 

I>er  day. 


hichfA. 
0.83n 

.ts» 

■  1S2 
.ISO 

ini 

.117 
.164 
.136 
.lfi3 


.IIB 


*  Water  nlmorbed  hy  soil  and  tnkpn  up  hy  rlre  plnnts. 

*  Nunihor  of  day«  In  which  nilnfall  iiiiil  fvitponitlijii  were  meusiired. 
■■  I'.  S.  Iii'pt.  Aur..  omcp  of  KxiHTloifnt  Sliitlnna  Itiil.  113. 
'  V.  S.  l>eiJt.  AKf.,  Offlie  of  Kxi.prlnifirl  Hladims  ISul.  1^3. 

*  Using  the  mean  of  No.  G. 


EVAPORATION. 


L 


The  evaporation  per  day  during  the  irrigation  period  a.s  shown  in 
the  last  e<»hiinn  is  inlei-e.sting.  It  will  be  seen  that  (he  average  result 
is  O.KS  inoli  per  day  loss  in  depth,  although  the  results  show  in  one 
week  an  average  of  0.226  inch  \wx  day,  while  in  another  week  the 
amount  is  only  0.117  iiioh  per  day.  Tliese  results  were  o1)taiiied  for 
conditions  apj>ro.viniating  those  in  the  rice  fields  and  not  for  oj>eii  re.s- 
ervoirs  or  eanal.s.  The  methods  of  measuring  evaporation  were  the 
same  in  alt  these  years.  In  each  case  the  evaporation  tank  was 
.  shaded  to  ujyproxiniate  conditions  in  the  rice  fields. 

PUMPING  PLANTS. 

The  first  pumping  plant  of  any  size  used  in  rice  irrigation  in 
Louisiana  and  Te.xas  employed  a  ftirin  of  pump  which  had  In-en  used 
previous  to  the  invention  of  the  reci|)i-ocaling  steam  engine.  This 
jjuinp  consisted  of  ve.ssels  of  cast  iron,  into  which  steam  at  a  moderate 
pressure  was  introduced.  On  condensing  the  steuin  by  means  of  a 
spray  of-  water  a  vacuum  was  formed  and  water  entered  through 
suction  |>ii)es.  partially  tilling  the  vacuum.  The  ves.sels  were  plac-ed 
sufhcienlly  high  to  allow  the  water  to  How  from  them  to  the  land 
to  be  irrigated.  Of  course  valves  were  oi>ened  aiitoniaticallv  to 
iiccom])lisli  the  various  steps  referred  to  above. 

The  ])roce.ss  of  pumping  was  in-cessarily  slow,  and  consi'ipieiitlv 
the  capacity  of  a  ])lant  of  moderate  size  was  small  when  comi)ai-ed 
to  plants  of  similar  size  but  oi>erating  on   more   modern  systems. 
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Woi-se  than  this,  the  puiiips  failwl  to  act  at  a  tinit»  wlu-n  water  was 
most  iieedeil,  Ixvaiise  thu  water  used  for  coiuleiisiiig  had  Ijeeonie  too 
warm,  and  consequently  the  vacuum  formed  was  not  sufficient  to  raise 
the  water  to  tJie  heif^ht  of  the  vessels. 

The  jjrototype  of  tills  pumping  engine  was  descrilieil  in  1G63  by 
an  English  nobleman,  Edward  Somerset,  second  Marquis  of  Worces- 
ter, who  had  used  it  to  ek-vate  water  at  his  home,  Raglan  Castle. 
In  all  essentials  the  engine  installed  in  IH'M  on  Bayou  Pluqueniine, 
near  Crowley,  La.,  agreed  with  the  ancient  model.  However,  in  the 
ohier  [iinnp  the  water  was  fon-ed  from  the  vessels  to  a  higher  level 
by  the  direct  action  of  steam  on  its  upper  surface.  The  engine 
above  referred  to  was  more  of  a  scientific  toy  than  a  practical  pump- 
ing engine.  Saverv  obtained  a  patent  in  l(»i(B  on  an  iniproved  design 
of  a  "  tire  "  engine  of  this  type.  His  engine  was  the  first  to  em]jloy 
st«ani  in  removing  water  from  the  deep  mines  of  Cornwall,  England. 
It  was  used  for  many  yeai-s  for  this  |uii-pose.  and,  in  spite  of  great 
defects,  was  a  pronounced  success  for  that  time.  The  results  of  a 
test  of  one  of  these  engines  made,  in  1774  show  that  about  one-half 
of  1  per  cent  of  the  energy  prest'ut  in  the  fuel  was  utilized  as  useful 
Avork,  a  result  which  is  comparable  with  that  of  many  of  the  sim])le 
nonconden.sing  pumps  of  today,  in  which  steam  at  a  little  less  than 
boiler  pressure  is  carried  for  full  length  of  stroke — such  pumps  as 
are  used  for  boiler  feeders. 

In  marked  contrast  to  this  crude  Iwginning  are  the  large  pumping 
plants  now  used  in  the  rice  bell,  nntny  of  them  employing  the  most 
approved  modern  machinery — the  boiler.s,  engitu-s,  and  pumps  often 
of  tlie  latest  design,  furnishing  water  economically  and  in  immense 
quantities. 

PXnO>INO  PLANTS  OF  TH£  LABOE  CANALS. 

The  equipment  of  the  |Hun|)ing  j^lants  of  the  rice  irrigation  canals 
i.s,  in  general,  goinl.  Already  the  woi-king  of  the  law  of  the  .survival 
of  the  fittest  is  weeding  out  the  poorly  designed  plants  and  resulting 
in  gfH«I  e.Kaniples  of  engineering  where  changes  jiave  been  made  and 
in  the  newer  jdants.  Occasioiuilly,  however,  examples  are  to  be 
found  in  which  crude,  wasteful  nuirhinery  is  used,  ofjerated  by 
n.nskilled  lalxtr,  at  gi-eat  expense  for  fuel  and  repairs. 

There  are  alsii  nniny  plants  in  which  all  the  machinery  is  me- 
chanically good,  but  the  reipiirements  for  economy  are  entirely  lack- 
ing.    The  fault  is  usually  with  the  engines. 

Boilers  of  various  designs  are  used  to  furnish  steam  to  the  engines. 
Either  the  tire-tul>e  or  the  water-tube  type  will  give  results  that  are 
similar  as  to  economy,  provided  they  are  properly  designed  aird  the 
boiler  capacity  i^  sufficient  to  furnish  sleani  to  the  engines  without 
forcing.     Often  the  deciding  factor  in  the  selecting  of  a  steam  boiler 
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for  a  particular  looality  nntl  use  is  the  case  with  wliich  it  can  oe 
cleaned  and  repaired,  if  (he  water  used  is  such  that  scale  or  sediment 
is  deposited. 

"Wliile  there  is  much  t<»  he  learned  in  regard  to  the  different  types 
of  pumps  used  in  the  large  ii'riguti(m  j)hints.  enough  is  already  known 
to  enable  the  designer  of  a  new  plant  to  avoid  serious  errors  a.s  to 
capacity  "r  efficiency. 

The  selection  of  a  proper  engine  is  one  of  the  most  important 
considerations  in  the  design  of  a  pumping  plant,  for,  as  has  already 
been  stated,  the  engine  is  a  large  factor  in  tletermtning  whether  a 
plant  shall  he  ecouonncal  or  wasteful.  The  engines  used  vary  from 
the  comjjound-condensing  Corlias  down  to  the  ordinary  noncon- 
densing  slide-valve  engine.  In  any  case,  the  proldem  is  one  of 
adjusting  and  equalizing  the  annual  interest  and  depreciation  on  the 
increa.sed  cost  of  the  more  e.xpen.sive  plant,  with  the  amount  it  would 
save  in  fuel  over  the  uneconomical  plant. 

While  individual  cases  will  vary  within  wide  limits,  depending  on 
particular  conditions,  such  as  economic  loading  and  the  size  of  the 
units  employed,  yet  in  general  it  may  he  said  for  the  engines  com- 
moidy  used  in  the  largi-r  |>umpiug  plants  of  the  rice  country  that  the 
consumption  of  steam  per  indicated  horsepower  hour  is  about  as 
follows : 

I'OUDdS. 

L  I'Diiiiwund  onmlenslng  Corliss 15-20 

I  Oae-cylli liter  Curllss   25-:W 

I  I'liUu  slide  vnlve 30-40 

If  tlu>  mean  values,  as  given  above,  be  taken  as  a  means  of  com- 
pari.soii  the  following  results  are  obtained; 

I'ounda. 

t'omiwuml  condensing  Corliss 17J 

One-cylinder  Corliss  27J 

I'liiln  sUde  viilve HR 

When  it  is  remembered  that  the  plain  slide-valve  engine  to  produce 
a  certain  horsepower  requires  two  times  as  much  steam  and  that  the 
one-cylinder  Corliss  requires  1.57  times  as  much  as  the  compound 
condensing  Corliss  requires  for  the  same  work  in  the  average  case,  it 
will  lie  seen  that  not  only  a  great  economy  of  fuel  can  be  effected,  but 
that  the  Iwiler  e((uipment  for  a  given  output  may  In?  materially 
reduced  by  using  the  economical  engine.  The  use  of  feed-water 
iieaters  to  utilize  a  part  of  the  heat  of  the  exhaust  steam  will  produce 
un  economy  of  as  nnich  as  10  per  cent  in  some  instances,  making  the 
comparison  a  little  less  striking  than  that  given  above.  However, 
the  amount  saved  on  the  bgiler  equipment  in  an  economical  plant 
over  the  cost  of  boilers  to  supply  steam  to  wasteful  engines  for  an 
mieconomical  plant  is  often  nearh'  sufficient  to  offset  the  higher  cost 
of  the  better  engine,  making  the  Urst  cost  practically  the  same  in  the 
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two  cases.  Even  if  llit-  firsl  cost  of  the  ecouoiiiioil  phuit  is  slightly 
more,  the.  operaliiig  expenses  will  V»?  reduced  siiiliricntly  to  more  than 
compensate  for  the  increased  cast.  Two  phiiits  of  equal  capacity, 
one  econoniicjil  iind  the  other  wasteful,  iiiiiy  eiich  he  entiit'ly  satisfac- 
tory so  far  US  smoothness  of  running  and  reliability  are  concerned, 
hut  the  ctist  of  fuel  in  the  two  cases  will  be  very  ditferent.  The 
better-designed  [jIhiUs  funiislied  wnter  at  ii  Cf)st  for  fuel,  labor,  main- 
tenance, etc.,  of  from  $ii  to  $;i  jier  acre  irrigated  during  the  seasons 
of  lf*03  and  1!)04.  while  with  the  more  %va.steful  plants  the  cost 
was  as  mnch  as  $4  per  acre.  The  nee<I  of  an  economical  ]jlant  is 
especially  felt  where  the  water  has  to  Ik'  lifted  to  a  considerable 
height.  The  cost  of  fuel  depends  on  prctimity  to  the  oil  fields  when 
fuel  is  crude  oil  or  to  railroads  where  coal  is  used.  Many  f»f  the 
large  plants  near  the  oil  fields  have  pipe  lines  from  the  oil  hehls  or 
storage  tanks  on  lines  of  railroads. 

Up  to  the  past  two  years  the  planting  of  rice  under  favorable  con- 
ditions has  producetl  handsome  profits  and  (juestions  of  economy  havb 
been  too  often  overlooked.  But  as  the  margin  of  profit  has  become 
le.ss  the  (juestion  of  the  economical  operation  of  pimiping  plants  has 
become  of  vital  importance. 

BESULTS  AT  TWO  LARGE  PUlCPrNO  PI<ANTS. 

During  the  si-ason  of  UKM  comjjlete  records  were  kept  at  two  large 
pumping  plants  in  lyouisiana  of  all  important  facts  in  connection 
with  the  operation  of  the  plants  for  the  season.  These  records  in- 
cluded the  hours  and  minutes  of  each  day's  run.  the  Iwiler,  engines, 
and  pumps  used,  the  level  of  the  water  supply,  and  the  amount  of 
fuel. 

A  comparison  has  been  made  from  these  daily  records  showing 
the  relative  cost  of  [mmping  water  in  the  two  cases.  This  compari- 
son is  interesting,  as  the  plants  are  both  large,  the  head  pumped 
against,  while  not  the  same,  is  a|jproximately  .so.  and  the  difference 
in  head  has  iM'cn  consiflered  in  the  comparison.  The  pumps  were 
of  different  types  in  the  two  cases,  but  the  approximate  efficiency  of 
each  type  is  known. 

The  most  striking  difference  in  the  two  plants  is  to  be  found  in 
their  engine  equipment,  for  in  one  case  the  most  wasteful  type  is 
used,  while  in  the  other  a  very  economical  type  is  employed.  - 


TUK    .MIM.ER-M0IIRI8    PI-ANT. 


Th'e  plant  of  the  Miller-Morris  Canal  Irrigation  and  Land  Com- 
pany is  located  near  Estherwood.  I.ia.,  nnd  takes  its  water  from 
Bayou  Plaquemine.  Its  etiuipment  consists  of  two  Ixiilers,  7'2  inches 
in  diameter  and  l(i  feet  in  length,  each  contaiiuiig  one  hundred  and 
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l\vi>nty  S-inch  tnljos,  ami  eight  boilers  liO  inches  in  tlianu'ter  l\v  IG  feet 
long,  each  eoiituining  f<irty-six  3.J-iuch  tiilx's.  All  the  iMtilers  are 
horizontal  return  tubular.  There  are  five  engines,  four  of  which  are 
l*2r>  horsepovviT  miil  one  of  'i.VO  horsepower;  all  are  of  the  simple, 
noiieondensing,  slide-valve  type. 

Centrifugal  pinnps  are  used;  they  luv  eonnected  to  the  engines 
by  means  of  ro|>f  drivrs.  Fonr  of  these  ])uuips  have  a  nominal 
eai)iifity  of  Ki.OiX)  gallons  per  miiuite,  or  ;?ri.(i  eiibic  feet  per  second 
each.  Two  have  a  nominal  cajiacity  of  S,000  gallons  per  minute,  or 
17.H  cubic  feet  per  second. 

The  plant  was  visited  early  in  May,  l!tU4,  and  the  flume  rated 
with  the  various  pumps  in  use,  starling  with  one  and  adding  puiu]js 
successively  until  the  whole  plant  was  in  oi)era(ion.  At  this  time 
the  plan  was  to  use  ii  water  register  on  the  (lumc,  and  so  have  a 
record  of  all  water  pumped  into  the  main  canal  during  the  entire 
season.  This  plan  had  to  he  al)andoned.  as  tlie  water  of  the  canal 
hacked  up  into  the  Hume,  and  as  the  level  of  the  main  cunal  tluctuafed 
the  records  were  worthless.  However,  in  measuring  the  discharge 
from  the  punifjs.  the  amount  (lirown  by  similar  ])um])s  in  each  case 
was  approximately  the  same,  and  the  result  so  consistent  that  it  was 
fouurl  feasible  to  take  the  recrords  of  daily  runs  and,  knowing  the 
hours  and  luimitcs  (hat  |ium])s  were  operated,  to  compute  the  dis- 
charge on  this  basis.  Tlie  level  of  the  water  in  the  bayou  varied 
.somewhat  during  the  season,  but  it  is  believed  that  the  »|uantity  of 
water  (hrown  in  a  given  tinu»  by  any  of  (he  ])um|)s  was  ))ractically 
constant,  as  the  spwd  of  the  engines  was  increasetl  as  the  level  of  the 
supply  fell  and  the  plant  luindled  in  an  intelligent  and  satisfnctory 
manner  lhr<)Ughoiit.  Of  course,  it  is  impossible  to  have  absolutely 
accurate  measurements  under  these  circumstances,  but  the  eri-or  is 
trrtainly  luit  over  10  per  cent,  aiui  probably  is  nmch  less.  The  ])lant 
was  put  ill  order  and  the  first  pumping  of  the  seas»m  occurred  just 
after  the  middle  of  April;  the  greater  part  of  the  pumping  occurred, 
liowever,  U'tween  the  dates  of  May  10  and  tluly  1.  Smalt  amount.s 
were  jmniped  the  third  vvwk  of  July  and  the  latter  part  of  August, 
and  pumping  was  dicontinued  on  .Vugust  31.  During  this  time  a  vol- 
ume of  .')-ll,.'i77,4(H>  cubic  feet  of  water,  or  l;i,43'2  acre- feet,  was 
pumped.  The  area  irrigated  was  7,ri44  acres,  the  average  yield  from 
which  was  at>out  H.(i  sacks  per  acre.  Tlie  water  jiiimped  was  sufficient 
to  cover  the  area  irrigated  to  a  de|>th  of  lA'AH  feet,  or  19.77  inches. 

The  average  head  i)um])ed  against  was  2Q.'2  feet;  it  was  comjjuted 
by  multiplying  the  amounts  of  water  pumjjed  in  periinls  of  time  in 
whicli  the  head  did  not  vary  greatly,  by  (lie  average  head  for  each 
period,  and  dividing  the  sum  of  tlies<>  |)roducts  by  the  total  amount 
of  water  i)iimped.     The  total  amount  of  useful  work  done  in  jjiunp- 
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\ug  tlio  water  nguinst  tin-  iivenif;e  Ih'ikI  whs  341.870,233  foot-tons. 
The  fuel  used  was  cTiule  nil  and  tlvc  iiiiHtiitit  UM'ii  was  8,473  Imrri'ls  of 
42  gallons  each.  The  cost  per  barrel  was  70  cents  delivered  at  tlu> 
plant.     The  work  done  per  barrel  of  oil  was  40,348  foot-tons. 

THK    AHHEVILLK    PLANT. 

The  pumping  plant  of  tlit-  Abbeville  C^anal  Company  is  located  on 
Bayou  Vermilion  a  short  distance  below  Abbtnille.  Its  equipment 
consists  of  two  horizontal  return  tiibnhir  boilers  7'J  in<'hes  in  diame- 
ter by  U'l  fec't  in  lenijth,  each  containing  70  tiilx's  4  inches  in  diameter. 
There  aiv  two  tandem  compound  condensing  Corlis.s  engines,  of  about 
250  horsepower  each,  direct  cotniected  to  Connersville  pumps,  eacli 
having  u  capacity  of  4(i.(HKJ  gallons,  or  SS.s  cubic  feet  |)er  s<"cond. 
The.se  pumps  are  of  the  rotary  or  cliamlxT-wheel  type,  and,  unlike 
the  centrifugal  pump,  tlu'ir  action  is  positiv(>.  It  has  iH'cn  claimed 
that  these  pumps  are  meters,  and  tliat  they  therefore  deliver  an 
amount  of  water  at  each  i-evolutioii  which  is  equal  in  volume  to  the 
displacement  of  the  pump;  but  it  is  probable  that  the  slip  in  every 
ca.se  is  appreciable,  imisunich  as  it  is  impossible  to  nudie  these  pumps 
mechanically  perfect.  Exjx'rience  shows  that  this  slip  will  amount 
to  Ti  to  l.*i  per  cent.  de|}ending  on  circumstances — sn<'h  us  the  age  of 
the  [liant.  care  anil  adjustment  of  pumijs,  the  head  piunped  against, 
etc.  It  is  l>elieved  that  the  slip  of  the  pumps  at  this  plant  during  the 
.season  of  1!K)4  was  probably  as  low  as  h  per  cent.  The  discharge  was 
computed  on  the  basis  of  puujp  disiihiceuient,  knowing  the  hoiu's  ami 
minutes  punijjs  were  operated  each  day  and  the  revolutions  per 
minute.  Pu(uj)iug  was  Iwgun  on  Ajiril  10  ami  ended  ou  .Vugust  10. 
During  this  time  a  volume  of  4,>0,a2(j,ii3 1  cubic  feet,  or  10,343  acre- 
feet,  of  water  was  pumped  against  an  average  head  of  17.5  feet. 
Nearly  SS  per  cent  of  this  water  was  ])um]HHl  before  June  20. 

The  area  irrigated  was  o,17ri  acres.  The  water  was  therefore  suf- 
ficient to  cover  this  area  to  a  depth  of  almost  exactly  2  feet.  The 
total  yield  was  4C.,44.'>  sacks  of  rice,  or  an  average  of  nearly  !)  sacks 
jjer  acre.  The  total  amount  of  useful  work  done  in  |>umping  the 
water  against  the  average  head  was  24(1,381,532  f<x)t-tons.  The  fuel 
used  was  crude  oil.  an<l  l,0."iO  barrels  were  required.  The  cost  was  81 
c-ents  per  barrel,  f.  o.  b.  Abbeville, 

The  work  done  per  barrel  of  t>il  was  126,350  foot-tons.  A  compari- 
son of  total  cost  of  operating  these  two  plants  would  be  of  interest, 
but  of  course  local  conditions  atTect  the  cost  of  operating  each  plant. 
The  age  of  the  plant  will  largely  govern  the  amount  of  rejiairs  re- 
quired, while  if  the  canal  system  l>e  included  the  contour  of  the  coun- 
try and  ccmsequent  number  of  wcxtden  llnmes  or  high  embankments 
will  be  different  in  individual  cases.  Proximity  to  the  oil  ticlds  or 
to  main  lines  of  railroad  reduces  the  cost  of  fuel,  os  already  noted. 
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'11k'  point  lo  wliicli  iitti'iilion  i^  purliciilarly  ciilU'il  is  ihv  pinouni 
of  work  doiH'  per  biirivl  of  oil,  wliirli  at  llu'  Milk'r-Morris  wiis  4(),;HS 
foot-tons,  and  at  the  Abbevillo  ])lant  lim,'ihO.     These  iimoiints  are  in 
ratitj  of  1  to  3.13.     This  (litlViviicc  in  tho  Itdal  i-fliciency  is  not  to  Iw 
entirely  eliarged  to  tlie  diliVreuce  in  tlie  engines  nsoil,  as  the  rotary  ^ 
pumps  of  the  Alibeville  phmt  are  probably  more  efficient  tlian   the  fl 
centrifiifral   jHiinps  of  llie   Miller-Morris  plant.     The  truth  of   this 
statement  does  not  foHow  beeunse  one  type  is  necessarily  more  eco- 
nomical than  the  other,  for  lM>th  will  sJiow  spleniliil  efficiencies  under 
pro|>er  conditions.     The  cenlriftiffal  pumps  must  be  run  at  their  eco- 
nomical speeds  for  best  results,  while  tlie  efficiency  of  the  rotary  pump 
is  not  so  dependent  on  speed.     The  economical  plant  had  the  ad- 
vantage of  operutin<r  lar»rer  units,  which  are  always  slinrhtly  nu)i"c 
elKcient  than  small  units.     It  had  the  further  advantage  of  pumps    ^ 
direct  connected  to  engines,  while  the  wasteful  plant  was  rope  driven.  H 

For  a  contemplated  plant  of  ap[U'nxiniate!y  the  size  of  the  two  men- 
tioned above,  to  furnish  a  stated  amount  of  water  pumped  a|piinst  a 
required  head,  it  has  been  found  tinit  the  total  cost  erecteil  complete, 
inchuling  buildinp,  f<Muiiiations,  boilers,  engitu's,  pinni>s.  accessories, 
piping,  etc.,  at  the  present  prices  will  n<»t  I.K'  far  from  $1()0  per  water 
hor.sej)ower — that  is,  for  every  horsejwwer  of  useful  work  given  out 
\)y  the  pmnps,  in  case  compound -condensing  Corliss  engines  aiv  used, 
<u'  engines  in  tile  same  cla.ss  as  regards  efficiency.  The  less  eco- 
nomical plant  with  the  cheapest  form  of  slide-valve  engines  will  cost 
almut  10  JHT  cent  less. 

A  com|)arison  to  determine  which  of  these  two  plants  would  \ie  the 
l)etter  from  a  fiiumcial  standpoint  would  include  not  only  the  cost  of 
operating,  but  also  t!ie  interest  on  the  money  at  the  current  rate — say, 
.')  [XT  cent — and  tlu>  depreciation  of  each  ]>laid  at  ai)out  10  per  cent  per 
annimi.  With  fuel  oil,  the  favorite  fuel  in  this  season,  the  cost  for 
labor  of  o])erating  would  Ite  ])raclie:illy  the  same  in  the  two  casex, 
while  if  ct)al  is  used  the  increased  boiler  capacity  and  fuel  consump- 
tion would  call  for  more  firemen  and  more  labor  in  handling  coal  in 
the  wasteful  plant. 

Wien  this  comparison  is  made  it  will  !»  found  in  the  average  case 
that  the  saving  in  fuel  with  the  compound  condensing  engines  will 
more  than  offset  the  difference  in  the  interest  on  the  investment  and 
depreciation  and  that  the  more  expensive  plant  is  the  be.st  proposition. 
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On  rice  farms  that  are  irrigated  by  means  of  wells,  two  general 
types  of  engines  are  used — the  .steam  engine  and  gasoline  or  oil 
engine.  The  steam  engines,  lieing  of  comparativeh'  small  size,  are 
usually  .simple,  noncondensing;   sometimes  traction  engines  are  used 
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and  sonic  of  these  are  coinponnd.  As  the  {jumping  and  thrash- 
ing seasons  never  conflict,  the  nniall  farmer  is  enabled  to  use  his 
traction  engine  for  both  purposes  and  thus  eifect  an  economy  in  equip- 
ment. Many  of  the*  small  plant.s  consist  of  a  stationary  boiler  and  a 
horizontal  engine.  Sometimes  two  pumps  are  run  from  a  single  en- 
gine, the  wells  being  50  to  7;")  feet  apart.  These  small  traction  and 
iioncondensing  stationary  engines  are  very  wasteful  of  steam  and 
consequently  of  fuel,  but  are  reliable  and  require  but  little  skill  to 
ojKTate. 

(Jasoliiie  engines  are  extensively  used  in  some  localities.  When 
jiroperly  installed  and  adjusted  this  type  of  engine  is  satisfactory, 
usually  requiring  less  attention  and  skill  than  the  steam  engine  and 
operating  more  eeononiically.  In  at  least  one  make  of  thes<'  engines 
a  "generator"  has  been  used  whereby  the  more  volatile  portions  of 
crude  oil  are  distilled  and  used  as  fuel  instead  of  gasoline.  The  heavy 
residue,  containing  asjihaltum,  tar,  etc.,  must  be  removed  from  the 
generator  at  intervals  of  three  or  four  days.  This  involves  some  labor 
and  troulde  at  a  time  wlien  the  rice  farmer  is  busy  attending  to  field 
levee.s  and  the  distril)ution  of  water.  The  e.xperience  of  the  men  who 
have  used  this  a|)paratus  differed;  some  reported  that  their  engines 
ran  with  crude  oil  quite  as  well  as  with  gasoline,  while  others  encoun- 
tered dirticulties.  The  cost  of  operating  with  crude  oil  is  about  one- 
half  that  of  operating  with  ga;;olinc.  The  heavy  residue  (^btained  in 
the  process  of  distillation  is  quite  as  good  for  burning  in  a  furnace 
to  produce  steam  as  is  the  crude  oil.  In  some  cases  it  has  Iwen  ex- 
changed barrel  for  barrel  witli  a  neighbor  who  used  a  steam  plant. 

Many  of  the  men  who  ojx^rated  engines  by  means  of  crude-oil  dis- 
tillate in  li'OS  preferred  to  employ  gasoline  in  1904,  for  although 
gas<iline  is  more  expensive  this  objection  was  offset  by  increased 
reliability. 

A  central  |)laiit  in  which  an  electric  current  is  generated  has  been 
employed  to  furnish  power  to  run  several  pumps  scattered  over  a  rico 
farm.  A  0-inch  pump  will,  in  most  localities,  furnish  sufficient  water 
for  75  to  lOO  acres  of  rice.  By  suitably  spacing  tltc  wells  a  large  area 
may  be  watered  economically  in  this  way.  as  the  canals  and  laterals 
required  by  this  systent  are  com |)ara lively  small,  and  the  cost  of  wire 
and  poles  for  the  electrical  transmission  might  for  some  conditions  be 
less  than  the  canals  of  the  usual  system  would  cost.  In  case  the  prob- 
lem is  to  be  worked  out  on  a  large  scale  the  units  at  the  central  station 
would  l)e  sufficiently  large  to  justify  the  use  of  very  economical 
machinery. 
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Crmle  oil  continuas  to  bp  used  as  a  fuel  in  localities  adjacent  to  the 
oil  liclds  iind  (\mtv  generally  thnmfjhout  tlu>  rice  c-oimti\v.  Tiie  oil- 
Iiroilui'ing  urea  of  Louisiana  and  Texas  lias  heeu  considerably  in- 
creased during  the  last  year.  Many  Iwlieve  that  a  practically  inex- 
haustible sujiply  of  oil  will  Iw  found,  and  should  this  j)n)ve  true, 
crude  oil  will  continue  to  be  the  favorite  furl  of  this  sectiim.  The 
discovery  of  oil  in  Texas  preceded  by  a  few  years  oidy  the  falling  off 
in  the  production  of  fields  of  Indiana  and  Ohin.  The  demand  for 
refined  t>il  must  be  met  first  ami  the  surplus  crude  uil  us*nl  for  fuel 
purposes.  The  prol)ieni  of  refining  the  crude  oil  from  some  sections 
of  this  territory  is  peculiar,  but  no  d(»ubt  will  eventually  be  succes.s- 
fully  accomplished.  Relineries  are  being  established,  and  if  the 
price  of  the  crude  oil  to  be  refined  does  not  become  too  great  and 
therefore  prohibit  its  use  as  a  fuel,  it  will  continue  to  Imj  used  to 
generate  steam.  At  present  there  ajipears  to  be  an  assured  supply 
for  at  least  the  next  five  years.  Meanwhile,  it  is  likely  that  new 
fields  will  be  discovered. 

Fuel  oil  is  used  not  only  in  the  pumping  plants  of  the  rice  country, 
but  in  all  kinds  of  service,  from  traction  engines  to  locomotives,  as 
well  as  in  various  <'onuiiercial  power  [)lants. 

Coal  is  used  in  some  localities,  but  the  comparatively  long  distance 
from  the  coal  fields  makes  it  expensive.  It  is  less  easily  handled 
than  oil  and  requires  more  labor  in  firing. 


TEXAS  STORAGE  DAHS. 


The  rivers  of  Texas  are  subject  to  floods,  which  are  often  sudd 
and  disastrous.  On  accoiuit  of  the  abnormal  rainfall  of  the  winter 
of  IS'Ov!  and  spring  of  IDtW,  tiit'  Hoods  were  uiuismiJly  severe.  The 
beds  of  the  rivers,  in  which  storage  dams  are  placed,  are  in  many 
places  com[K(sed  of  sand  and  gravel  to  a  depth  of  -20  or  30  feet  before 
clay  is  reached.  \\'ater  percolates  through  (bis  bed,  so  that  there  is 
in  reality  more  or  less  flow  wlu'ti  the  surface  of  the  bed  of  the  stream 
IS  dry  atid  the  sand  drifting  over  it. 

The  problem  of  designing  a  dam  that  will  be  able  to  withstand  the 
terrific  flomls  which  sometimes  occur  in  tlx'se  Texas  streams  and 
rivers  is  a  ditTereiit  one  when  the  milure  of  the  soil  is  considered. 
Sand  and  gravel  yield  with  the  greatest  ease  to  erosion,  due  to  whirl- 
pools or  to  rapid  flow  of  water.  For  a  permanent  dam  it  is  abso- 
lutely lun-essury  to  guard  against  erosion,  for  in  this  material,  when 
once  ci'osion  is  well  started,  it  is  almost  impossible  to  clieck  or  stop  its 
action.  If  the  dam  be  of  any  but  the  most  substantial  material  and 
design  disaster  is  reasonably  certain  to  follow  a  sudden  down|)our  of 
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rain  in  the  wutershed  of  the  stream  who'ie  waters  it  is  desired  to 
ini  pound. 

I)urin<r  the  seuson  of  li>03  two  dams  in  Texas  were  visited  whicli 
are  used  I'xeliisiveiy  for  irrifiation  purposes.  In  both  nises  the  dams 
had  failed,  and  in  one  instance  had  failed  more  than  once. 
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TJKFOLISHES  RICE. 

After  the  husk  and  cuticle  of  the  rice  grain  are  removed,  the  outer 
portion,  which  is  of  a  dull  white  color,  contains  most  of  the  fats  and 
albuminoids.  Custom  demands  that  this  outer  portion  1m'  removed 
and  a  pearly  luster  be  given  to  the  grain,  as  it  is  sold  entirely  on  its 
appearand.  The  process  by  which  tliis  is  done  is  called  "  pcdishing." 
The  "  brush  "  antl  accessories  used  to  polish  rice  sometimes  require 
30  to  40  per  cent  of  the  total  pt)wer  of  the  mill. 

In  oriental  countries  rice  is  never  polished.  Tlie  value  of  the 
cereal  as  a  food  is  much  greater  when  unpolished,  as  j)Oiished  rice 
is  nearly  pure  starch.  The  fats  and  gluten  of  the  outer  portion  of 
the  grain  give  it  flavor  and  reiulcr  it  far  more  [lalatable  than  when 
polished. 

The  process  of  milling  would  be  simplified  and  cheapened,  as  le&s 
power  would  In-  required  if  the  rice  were  mtt  polished;  a  saving 
woidd  Ih"  et!'ected,  not  only  in  the  cost  of  milling,  but  also  iu  the 
quantity  of  rice.  The  amount  removed  by  the  process  of  [)olishing 
amounts  to  '2  or  3  per  cent.  Iiy  weight.  Unpolished  rice  is  never 
(ttfered  for  sale  au<t  is  never  used  in  this  coinitry  outside  of  the 
rural  districts  wliere  it  is  prepared  by  niorlar  and  jx-stle  in  the  most 
primitive  fashion.  Many  persons  have  never  seen  the  unpolished 
article  and  would  not  buy  it  if  offered,  as  its  appearance  is  iinpre- 
pos.sessing.  There  are  few  who  realize  that  liy  improving  its  appear- 
ance its  value  as  a  food  has  Ikhm)  greatly  reduced.  Under  these 
circumstances  the  mill  nu-n  are  com|>elled  to  polish  their  rice  in  order 
to  sell  it. 

OIL  ANB  FEED  FROM  RICE. 

During  the  season  of  llKU  a  mill  has  been  erected  at  Crowley,  La., 
for  producing  feed  and  corn  jiroducts.  Rice,  rice  bran,  and  corn  are 
the  principal  constituents  of  the  feed  pro<luccd.  Oil  is  obtained 
from  the  rice  bran  and  is  said  to  be  similar  to  palm  oil.  of  an  excellent 
quality,  suitable  for  the  mamifacture  of  toilet  soap.  \\'!jen  it  l>e- 
comes  Ix'tter  known  it  may  be  found  suitable  for  many  other  jnir- 
pose.s. 

The  oil  in  rice  bran  causes  it  to  Invome  rancid  and  to  Iveat  in  warm 
ciimate-s.  In  this  cotidition  it  is  dista.steful  and  harmful  to  stock. 
The  I'emoval  of  the  oil.  therefore,  imt  only  gives  a  valuable  by- 
product, but  also  improves  the  keeping  qualities  of  the  feed. 
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EICE  STRAW. 


Some  rice  straw  is  now  used  as  u  forage  for  ntock,  and  the  straw 
is  sometimes  hilled  and  placed  on  the  market.  But  only  a  very 
small  perceiitaj^e  of  the  total  yi«^ld  is  used  in  tliis  way.  Thousands 
of  Ions  are  allowed  to  waste  each  year,  as  it  is  considered  a  rather 
undesirable  by-product,  of  small  value.  From  a  single  point  of 
observation  in  the  rice  country  it  is  not  unusual  to  count  as  many  as 
a  dozen  immense  piles  of  straw  which  are  not  being  utilized  in  any 
way. 

The  men  who  have  so  rapidly  developed  the  rice  industry  m 
Ijouisiami  and  Texas  have  hud  so  many  new  problems  to  solve  alon£; 
other  lines  that  the  rice  straw  has  Ixhmi  almost  neglected.  The  grow- 
ing scarcity  of  pajier  material  in  the  last  few  years,  and  especially 
of  wood  pulp,  has  caused  a  consideration  of  rice  straw  as  a  substitute 
in  the  manufacture  of  paper.  In  China  and  Japan  an  excellent 
grade  of  pai>er  is  made  from  this  material,  and  it  is  lielieved  that 
factories  will  eventually  be  established  in  this  section  for  the  manu- 
facture of  paper  and  strawboard. 


k 


KlCii  IRRIGATION  ON  THE  PRAIRIH  LAND  OF  ARKANSAS. 

Uy  ('.  E.  Tait, 
Aaninlaiil  in  Irrigation  antl  Itruhiaiir  liirr»tlgatioH». 

Arkansas  contains  some  ilistiiiftly  jirairie  Iiuid  situated  in  the  cen- 
tral eastern  ])ortion  of  the  State.  Tliis  land  is  very  flat  and  has  an 
;iltituc]e  of  'iHl  feet.  The  soil  is  not  rieh  and  rarely  exceeds  S  inches 
in  depth.  The  j)rairies  are  very  wet  (hiring  the  spring  season,  but 
(hiring  (he  late  summer  and  fall  become  dry.  Cotton  and  corn  ha\'e 
not  Ihh'ii  successfully  grown  on  the  prairie  land,  and  for  years  the 
problem  has  been  to  find  out  what  cro]>  would  Ik-  profitable  to  the 
fnmvers. 

Just  after  the  close  of  the  civil  war  the  prairie  land  could  Iw  liought 
for  50  cents  per  acre.  The  value  has  steadily  advanced  since  that 
time,  and  the  prices  asked  at  present  vary  from  $8  to  $25  per  acre. 
It  is  probably  safe  to  say  that  two-thirds  of  the  hind  has  never  been 
cultivated.  The  native  grass  is  allowed  to  grow,  and  in  recent  years 
a  good  part  of  this  has  t)een  cut  and  unirketed  for  hay,  although  the 
growth  on  many  acres  is  burned  off  each  fall. 

EARLY  EXPERIMENTS. 

Four  or  five  years  ago  tlie  attention  of  the  public  was  called  to  the 
fcniull  pieces  of  rice  which  were  Ijeing  grown  in  the  low  swampy  places 
along  the  bayou.  Anutng  the  most  successful  in  this  kind  of  rice 
culture  were  certain  uegrtK's,  who  ruisi^'d  enough  rice  for  their  own 
table  use.  In  18S)!I  Mr.  \V.  11.  Fuller,  a  farmer  living  on  Prairie 
Longue,  near  Carlisle.  Ark.,  who  had  come  to  the  State  from  Ohio, 
conunenced  |)repariitions  for  growing  rice  by  irrigation,  believing 
that  rice  could  he  grown  on  the  ])rairie  land  as  successfully  as  it  was 
in  southern  Louisiana.  He  drilled  a  4-inch  well  and  provided  a 
pump  with  such  ample  power  that  when  the  machinery  was  started 
the  strainer  on  the  well  collapsed.  The  rice  sown  that  year  was  a 
failure,  but  Mr.  Fuller,  being  still  determined  to  make  it  a  succe.s.s, 
rented  Ids  farm  and  went  to  Louisiana,  where  he  remained  four  years 
in  the  rice  district  about  Crowley  and  Jennings. 

In  1!10'2  arrangements  were  nuide  for  a  rice  experiment  on  the  farm 
of  Joiui  Morris,  which  was  just  across  the  road  from  Mr.  Fuller's 
farm.  A  small  stock  company  was  organized  in  the  town  of  Lonoke., 
30620— No.  158—05 35  V& 
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where  ii  uiimber  uf  moivliaiits  and  enlerprisinor  fitizens  t'lich  coiitril)- 
uterl  $25  to  form  h  fimd  for  milking  ])iTpiinitioiis  fur  tlie  irrigatiaii  of 
the  rice.  Jiulgf  (li'orge  Sililey  'waH  president  of  the  company  ami 
ilf.  \V.  II.  Vivion.  a  fruit  grower  near  Lt)n()ke,  was  .secretary.  They 
nrranged  with  Mr.  Morris  to  have  the  riee  grown  on  his  farm  and 
under  his  mamigement.  The  Ai'kunsas  E.vperiment  Station  wa.s  in- 
terested in  the  test  to  he  made  and  furnislied  the  seed,  but  having  little 
funds  for  the  |)iirj)ose  etxdd  not  lend  any  more  material  assistance. 
While  this  attempt  at  growing  rice  was  only  jiartially  successful,  it 
has  Iteen  the  means  of  liringing  aliont  more  attempts  in  the  same 
direction. 

A  10-ineh  well  wa.s  drilled  on  Mr.  Morris's  farm.  Water  was 
struck  at  a  depth  of  70  feet.  Twenty  feet  of  Cook  strainer  was  theu 
placed  in  Ihe  water-lx-aring  stratum,  making  the  total  depth  of  the 
well  90  feet.  The  well  was  drilled  In'  local  men  who  had  had  no 
previous  experience,  but  when  it  was  time  to  place  the  strainer  the 
services  of  a  well  driller  of  Memphis,  Tetni.,  were  s<>eured.  When 
water  was  struck,  it  rose  in  the  .well  to  within  '27  feet  of  the  surface. 
The  ]iiimp  u.sed  was  a  O-inrh  Morris  centrifugal  of  the  horizontal 
type,  which  was  placed  in  a  pit  25  feet  tleep.  making  it  necessary  for 
the  water  to  be  drawn  2  feet  to  the  pump  by  suction.  The  pit  was 
round,  10  feet  in  diameter,  and  was  curbed  with  bric-k.  The  power 
was  furnished  by  a  12-horsi'powcr  engine  and  stationary  lioiler.  The 
engine  was  placed  with  the  band  wheel  directly  over  the  top  of  the 
pit,  and  the  belt  hung  vertically  to  the  10-ineh  pulley  on  tlie  hori- 
zontal shaft  of  the  piunp  below.  It  was  ftjumi  that  this  was  a  very 
poor  arrangement,  for  all  the  sag  in  the  belt  was  at  Ihe  lower  iiulley, 
and  it  was  almost  impossible  to  prevent  slipping.  Two  hea\y  idlers 
were  used  before  the  l>elt  would  work  at  all.  ilany  other  difficulties 
were  e.viwrienced  in  getting  the  machinery  to  operate.  The  first 
pump  used  cfndd  uttt  be  made  to  raise  any  water  at  all.  After  three 
days  of  hard  labor  the  pump  was  run  l)aekward,  which  also  failed 
to  give  any  result,  and  it  was  then  taken  out  and  a  new  pump  sent  for. 
The  second  pump  worked  fairly  well,  but  it  was  found  that  tlie  power 
was  barely  sufficient.  While  the  engine  was  rateil  at  12  horsepower, 
it  was  probably  not  capable  of  developing  that  mnch.  The  pump 
Ix'ing  above  the  water  level,  it  was  necessary  to  prime  it  in  starling. 
It  finally  l>ecame  necessary  to  luiid  water  in  a  portable  lank  and  turn 
it  into  the  discharge  pii>e  of  the  pump  when  the  machinery  was 
started. 

About  30  acres  of  rice  was  planted.  After  it  had  been  llootled,  the 
levees,  which  had  l)een  carelessly  made,  broke  and  a  great  jiart  of  the 
water  which  was  jiumped  was  lost,  the  result  Iwing  that  only  aliout  .") 
acres  received  as  much  water  as  was  needed.  The  yiehi  on  this  was 
very  large  and  was  enough  to  indicate  that  rice  could  be  successfully 


RUE    IRRIGATION    ON    ARKANSAS    PRAIRIE    LAND. 


547 


grown  if  the  [jriililciii  of  ii  wiitt-r  supply  I'ould  be  stilved.  Tlie  pxpi'ri- 
nient  was  coutiiiued  in  ISlO^i  and  ^vll^  more  siR-cessful.  The  ^^'V(.'^•^  luul 
set,  and  while  the  well  and  pump  did  not  furnish  enough  water  for 
the  entire  aereage  all  tlie  water  rained  was  used.  It  is  elainied  tliat 
that  ]>art  of  (lie  riee  which  received  a  sufficient  (juantity  of  water 
yielded  1*0  bushels  to  the  acre. 


k^ 


EICE  EXPERIMENT  STATION. 

In  l!i()4  arrangements  were  made  for  a  eoojierativc  experiment 
with  the  .\rkansas  Ex|wriment  Station.  The  fund  set  aside  for  this 
work  by  the  irrigjition  and  drainage  investigations  was  $1,.')00  and 
that  set  aside  by  the  Arkansas  Station  was  $1,U<)(J,  making  a  total 
of  $'2,500  available  for  carrying  on  the  work  to  July,  1905. 

Several  tilings  were  to  Im'  determined  by  the  experiment.  It  would 
show  whether  the  pool-  (irairie  soil  was  capable  of  growing  rice  or 
not.  Lonoke  is  1^00  miles  north  of  the  Louisiana-Texas  Ixdt,  and  the 
rice  coidd  not  be  ])lanted  as  early  as  i(  is  in  the  South.  I»ut  the  ex|)eri- 
ment  would  show  whetbcr  (jr  not  the  summer  season  was  long  enough 
to  mature  a  crop.  While  the  well  at  Ixmoke  does  ntrt  extend  to  the 
bottom  of  the  vvatci'-liearing  stratum  found  and  while  (he  pump  does 
not  exhaust  the  well,  a  complete  (est  of  the  amount  of  water  that  can 
be  secured  and  pmnped  has  not  been  made,  but  the  experiment  would 
prove  whethei'  or  not  water  oudcl  Im'  pumped  from  wells  in  ipiantities 
sufficient  to  make  rice  growing  possible.  In  addition  to  testing  the 
possibilities  of  rice  culture  the  ex|)erimeut  was  designed  to  determine 
by  the  m<ist  jiractical  methocl  tlie  cost  of  sinking  wells,  of  the  in- 
stallation of  piunping  nuu'hinery,  and  of  the  cost  of  ])umping  )vater, 
and  this  when  comjiared  witli  the  restdts  woidd  determine  (he  prac- 
ticability of  the  entire  work.  The  (■x()<'rimen(  also  woidd  show  the 
amoinU  of  wa(er  re([uiri'il  for  the  irrigation  of  riee. 

The  Arkansas  Kxperimeiit  Station  arranged  for  the  use  of  ItHt 
acres  Ixdonging  to  Mr.  W.  P.  Fletclier.  loca(ed  about  l..">  miles  west 
of  Lonoke,  Lonoke  County.  Ark.  The  land  is  among  the  best  to  la? 
found  on  the  Arkansas  prairies,  but  had  never  been  uruler  cultivation. 
I(  had  formerly  Ix-en  used  as  a  common  [lasture  and  was  not  fenced. 
Mr.  Kletcher  agrw'd  to  fence  the  land  and  to  build  a  hou.se  on  it  to  be 
occupied  by  the  oiu'  having  charge  of  the  raising  of  the  rice,  if  it  was 
desired.  Only  alMuil  10  acj-es  were  broken  for  experimental  purpos4's, 
and  after  the  KiO-iicre  tract  had  been  fenced  and  (he  house  built  about 
40  acres  were  inclosed  by  a  fence  which  surrounded  the  experimental 
tract,  in  order  that  tlu'  renuiimler  might  lie  used  for  pas(ure.  It  was 
arrangi'd  that  (he  irrigation  and  drainage  investigations  should 
inakt'  pre[>aralions  for  the  irrigation  of  the  rice,  which  included  the 
sinking  cf  a  well,  the  installation  of  pimipiiig  machinery,  and  the  con- 
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striirtifiu  ()f  levpes  iiroiirul  tho  field  to  linld  the  watt'r,  tiiwv  wiucn  mo 
Arkniisiis  K.\|H'i'iiiH'iit  Slutioii  ■\v)is  to  tiikc  I'liMrjijc  of  lln'  farm  ami 
oiHTUtt'  tlu*  |)uni|Hiij^  jjlant. 

Tlu'  first  strp  to  Im-  takon  toward  si-rtirintr  t!n^  wnter  supply  was  tn 
tuako  arraii^fiiicitts  for  \hv  sinkiiijr  of  the  wt-ll.  It  was  Iji'licvi-d  from 
the  preut  nniidi(>r  of  small  widls  for  ihniR-stif  purposes  and  from  the 
well  jjt  the  Morris  |)!aee  that  wjiter  would  In-  found  at  i»  depth  of  70 
to  MO  feet  helow  the  surface.  It  was  imt  known  hijw  thick  this  wator- 
liearing  stratum  was,  Ix-cause  no  wells  had  yet  hceii  drilh>d  di-i-p 
eiiou<;h  to  <;o  throu<rh  it.  It  wiis  derided  that  an  S-inch  well  haviiifj 
:iO  feet  id'  strainer  placed  entirely  in  the  walerdieiiriiig  stratum,  if 
))(>ssihle.  shouhl  furuisli  plenty  of  water  for  the  e.xperiniental  wt)rk, 
and  liids  were  aeeordinj^ly  received  from  all  the  welt  drillers  in  Little 
Kock  and  Mem]>iHs.  The  contract  was  let  at  if}  per  foot,  the  eon- 
tractor  furnishing  pipe  and  strainer.  It  called  for  the  completion  of 
the  well  within  twenty  days  of  the  date  of  tlie  contract,  or  hy  March 
•J4.  It  is  h'lieved  that  the  pi-ic-e  [iniil  is  i-easonahle  and  compared 
very  favorably  with  the  |)rice  paid  in  the  rice  districts  of  Louisiana 
and  Texas,  where  there  are  many  well  drillers  in  com|>etition. 

The  well  was  begun  by  iioring  with  an  earth  auger  to  a  liepth  of  27 
feet,  where  (juicksand  was  struck,  which  caved  in,  and  other  means 
had  to  be  used.  The  pipe  was  then  inserted  and  the  well  was  finished 
by  the  nsi-  of  the  sand  bucket. 

The  strainer  agi'eed  upon  and  the  kind  with  which  the  well  was 
supplieil  was  made  by  drilling  1,100  li-inch  holes  in  'Mi  feet  fif  tS-ineh 
well  casing,  the  holes  being  arranged  in  •'>  rows  around  the  t)i|M'.  The 
pipe  was  then  tiled  and  tinned,  after  whicJi  irrigating  gauze  made 
of  cop])er  wire,  having  lienvy  wires  rumiing  around  the  pipe  with 
ligiiler  wire  running  along  the  pipe,  was  wouiul  about  the  casing  and 
soldered  in  li  j-ows  lietwecn  the  rows  of  hole.s.  Gauw  of  this  kind  is 
souietinjes  woven  very  clos<dy.  which  keejis  out  very  fine  satul.  but 
which,  of  course,  d(>es  not  admit  much  water  to  the  well.  The  gauze 
which  was  used,  lieing  of  heavy  wire  and  vvoxen  openly,  siM'ved  to 
admit  plenty  of  watei",  and  as  the  sand  encountered  was  rather  coarse, 
the  strainer  was  well  adapted  to  the  coiulitions.  The  crimped  fashion 
in  which  the  gjiuze  is  woven  allows  water  to  pass  through  the  strainer 
at  any  point,  whether  it  be  directly  over  a  hole  in  the  well  casing  or 
not,  after  which  it  may  flow  along  the  pi|»e  under  the  gauze  until  it 
reaehe.s  one  of  the  holes.  This  gives  the  straiiu-r  alnujst  the  full 
advantage  of  the  entire  area  of  the  perforations,  while  if  the  water 
could  not  enter  ut  any  ixiint  and  follow  along  the  pi])e  the  actual 
o|>ening  would  Iw  greatly  rediiceil  by  the  space  taken  by  tin-  wires 
covering  the  lioles.  Several  other  strainers  have  been  designeil 
recently  which  a<'coniplish  this  purpose. 
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One  Iminlri'iJ  feel  of  pipe  was  iismI  in  sinkinff  llu-  well.  Wsitor  was 
^l^lu■k'  jit  ;)  cl(']^tll  iif  SO  feel,  unil  in  lliirly  niiniilcs  a  ineitsni\')iii'nt  whs 
niiuli'  :in(l  tlic  wiUiT  It-vcl  was  fonml  to  Ik-  only  27  feet  Ijflow  the  sur- 
fiiw.  'I'liis  was  in  tlu'  uviMiinj;.  The  next  ii)ornin<r  wlivn  work  was 
tvgun  it  wa.s  foiirul  that  the  watff  liail  ri.s<'n  to  within  2(i  feft  3  inches 
of  the  surfaoe,  wliicli  Icvrl  was  inaiiitainwl. 

The  various  strata  uncoiiutiTeil  in  sinkinjf  tlic  well  eonsistoil  of  yel- 
low an<l  brown  <'lays  ,"»  to  14  fwt  thick,  s<'j>arateiJ  by  Ti-ffHtt  layeiN  of 
white  or  red  saml  to  a  depth  of  aljoiU  TO  feet,  where  fine  sand,  water 
In-aring  to  ii  siriall  di'jj'ree,  was  fonnil.  A  few  inclies  of  blue  clay  at  74 
fe«»t  separated  this  line  sand  from  a  coarse  white  siin<l  below,  whieh  was 
also  water  bearing.  Then  0  inches  of  hard  clay  was  perforated  at  a 
<Iepth  of  SO  feet.  Ixdow  which  was  fonnd  the  excellent  watiT-liearinsr 
sand  iiiid  gravel  to  a  depth  of  114  feet.  th<'  total  depth  of  llie  well. 
The  latter  is  the  stratum  from  whieh  the  well  dei'ives  its  water.  The 
>and  is  rather  coarse,  containing  gravel  as  large  as  2  iiK'hes  in  diame- 
ter. AVheii  (he  f>  inches  of  blue  clay  was  perforated  by  the  sand 
bucket  the  force  of  the  water,  which  seemed  to  lie  confined  under  pres- 
sure below  this  stratum,  drove  the  sand  bncki't  n]»\vard  si'veral  feet. 

Tlie  strainer  was  placed  by  lowering  it  in  the  f<-ineh  pipe  and  using 
a  snuiller  sand  Inicket.  It  was  the  intention  to  sink  the  well  only  dwp 
enough  to  allow  tlie  entire  length  of  the  strainer  to  Ih'  s<>1  in  the  water- 
bearing stratum,  and  had  there  been  no  obslaele  in  the  way  it  would 
have  been  necessary  to  place  the  bottom  of  the  slraim-r  at  a  ilepth  of 
oidy  110  feet  and  (he  S-ineh  pi|ie  could  then  haxe  been  withdrawn  20 
feet,  leaving  the  strainer  all  exjios^'d;  but  since  the  water  rose  to  a 
depth  of  2()  feet  3  inche.s  from  the  surface,  it  was  desired  (hat  a  joint 
of  the  pijte  l>e  left  at  a  de]ith  of  HO  feet,  where  tlii^  pump  ct>uld  (h' 
attached.  The  joints  of  8-iuch  [tipe  were  in  U>  and  20  foot  lengths, 
end  it  was  found  that  (he  iirrangement  would  not  allow  a  joint  to 
come  al  a  depth  of  '.W  feet,  so  it  was  necosary  to  sink  the  straiiu-r  10 
teet  farther  to  bring  about  the  ]>n)per  condition.  An  attempt  was 
made  by  the  well  drillers  to  do  this,  but  after  a  depth  of  114  feet  wa.s 
reached  liie  strainer  could  not  b;-  lowered  any  farther.  After  work- 
ing two  days  with  the  sand  bucket  with<»ul  gaining  anything,  it  was 
decided  that  the  strainer  could  not  be  lowered  any  farther  by  this 
means,  for  the  sand  and  gravel  ror^c  to  the  bottom  of  the  >traiiier  as 
fast  as  it  was  (aken  out  by  the  sand  bucket.  The  S-inch  piiie  was  (hen 
withdrawn  10  feet,  leaving  the  upper  t)  feet  of  the  strainer  inside  of 
tlu>  i>ipe.  The  upper  end  of  the  strainer  carried  a  lead  [jacking.  th<! 
up])er  edge  of  which  was  eX|)auded  until  it  was  clam[ie<!  to  ihe  inner 
side  of  the  s-inch  pijie.  thus  making  a  rigid  connection  between  the 
pipe  nn<l  the  sti-aiuer.  (Fig.  70.)  This  was  acconiiilished  Ity  means 
of  a  coHe--hape<I  tool  which  was  lowered  in  the  well  and  allowed  lo 
fall  on  the  lead   packing.     The  lower  cml  of  the  strainer  was  then 
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dosed  l\v  moans  of  two  disks  which  wt-rf  fastoiuHl  tofrotln-i-  mi  an  iron 
rod  uImhiI  I  foot  apart.  Tliis  was  forceil  to  tlu'  l)ottoni  of  the  struiiior 
siiiil  two  buckets  of  gravel  wns  poured  in  on  top  of  it.     ( Kig.  71.) 

The  well  was  begun  on  ilarcli  -20  nin\  rouiplctt'd  May  2.  Tlie  30 
feet  of  strainer  t-ost  the  ooutractors  ^'M\  'J'ht-  [irii-c  paid  tlieiii  fur  the 
well  was  $45(>.  The  well  Ix'ing  completed,  the  next  pnH-eedure  was 
to  dig  a  pit  deep  enough  to  allow  the  j)unip  to  he  sitbniei-geil.  The 
kind  of  puni])  decided  on  was  a  4-ini'h   vertical  centrifugal,  wliicli 

was  ]>laced  in  the  Ijottoni  of  a  pit  30  feet 
deep  and  fi  fcut  sfpiare.  The  ]iit  wns 
curbed  with  :^-inch  fvi>ress,  having  c<)rner 
posts  made  tjf  4  by  4  timbers.  This  wn-^ 
made  up  in  four  sections  and  was  drojjjMHl 
into  the  pit  as  the  digging  pnigress<'d.  It 
was  possible  for  two  men  only  to  work 
in  the  pit,  and  during  the  first  part  of  the 
digging  two  men  were  recjuired  for  draw- 
ing the  earth  out  with  block  and  tackle. 
Heavy  rains  fell  while  the  pit  was  being 
dug  and  tlie  earth  caved  in,  clamping  the 
curbing  so  tightly  that  it  was  loweird  with 
difficulty.  A\'hen  (piicksand,  at  a  depth  of 
27  feet,  was  struck  the  greatest  ditficulty 
wa.s  encountered.  While  this  stratum  diil 
not  contain  a  great  amount  of  water,  it 
rose  from  the  bottom  very  rapiflly.  While 
it  was  hanl  to  sink  the  shovel  in  the  sand, 
it  seemed  to  move  upward  very  freely.  It 
reipiired  aliont  five  days  to  lower  the  pit 
the  last  3  feet.  The  curbing  could  not  Ik* 
moved  any  farther.  Inking  clain])ed  by  the 
sand,  ami  it  was  neivssary  to  make  a  sand 
bo.\  out  of  1-inch  lumlH'r  'A  feet  deep,  which 
Fio.To.-Meihoduf  makinK  joint  Was  lowered  to  the  Iwvttoin  of  the  pit  and 
iH-tw..m.  ^train.-r  nmi  w.-n cas     driven  witli  a  sledge  down  into  the  sand. 

This  shut  oir  some  of  the  water  which  had 
nuide  the  digging  so  ditlicull.  When  the  pit  had  U'en  lowered  to  the 
joint  ill  the  pipe  at  .'W  feet  a  large  wooden  clamp  was  ])lni'ed  just 
Ix'low  the  joint  to  sujjport  the  pipe  to  which  the  |)umi>  was  to  Ix;  at- 
tached later.  It  was  necessary  to  dig  a  .small  hole  about  1  foot  deep 
and  al>out  '2  by  S  feet  to  allow  this  clamp  to  be  placed  below  the 
coupling  of  the  pipe.  It  reijuired  fully  a  half  day's  digging  to  ac- 
complish this.  These  difticultie.s  have  lxH?n  encountered  by  the  rie«' 
growers  in  Louisiana  and  Texas,  in  some  cases  it  being  im]jossible  ti» 
dig  the  pits  as  low  as  desired. 
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One  dollar  ami  a  half  a  day  was  jiiiid  for  labor  in  dipfjing  until 
thf  ijiiiuksiiiHl  wiiH  struck,  .^fter  this  it  ln'caiue  necessary  fur  tlie  men 
to  work  ill  water  and  $"2  per  day  was  paid.  The  lumber  used  in  the 
ciirf>in*i  cost  $15  per  1,000  feet  and  the  cost  of  the  curbing  was  $'28.60. 
Boiler,  engine,  puuip,  and  all  accessories  cost  $Sr)S.58. 

After  the  pit  was  finisheil  the  upper  30  feet  of  pipe  was  removed. 
There  was  not  room  in  the  pit  to  use  pipe  wrenches,  and  it  was  neces- 
sary to  cut  the  cuuplinji:  with  a  cold  chisel.  This  was  done  with 
great  difficulty,  as  the  water  poured  out  into  the  lx>tton»  of  the  pit 
as  stjon  as  an  opening;  was  made.  The  top  of  tlie  ))i)ie  whs  tempo- 
rarily closed  with  a  wooden  jdug.  The  suction  pipe  of  the  pump  was 
5  inches  in  diameter,  and  it  was  necessary  to  u.se  a  reducing  fitting  to 
make  the  connection  between  the  pump  aiul  the  8-inch  pipe.  This 
had  been  attached  to  the  jjump  on  lop  of  the  ground  and  the  whole 
was  lowered  into  the  well  by  block  and  tackle,  ready  to  lie  attached 
to  the  well  pipe  as  soon  as  the  wooden 
plug  was  reuuived.  In  making  this 
connection  the  water  rushed  out  so  that 
the  men  were  working  in  water  4  feet 
deep  before  it  was  finished.  It  was  then 
necessary  to  withdraw  the  water  from 
the  ])it  by  menus  of  liuckcts  until  the 
wooden  framework  to  whicli  the  ]nunp 
was  to  be  Iwlted  could  be  phu^d.  This 
framework  was  made  of  oak  timbers 
4  by  *■>  inches  and  braced  to  the  well 
curbing  with  2  by  4  cypresw  timbers. 

The  vertical  shafting  was  then 
placed  in  the  jiit,  being  supported  by 
seven  bearings  attached  to  timl>ers 
spiked  to  the  curt>ing.  At  the  u[>|>er  end  the  shafting  carrieil  a  10- 
inch  pulley  which  received  the  power  froTU  the  engine.  Two  Ix-nr- 
ings  were  placed  close  to  the  puUey  at  this  point,  one  just  above  and 
one  just  below  it,  and  an  oak  framework  l)uilt  at  the  top  of  the  well 
suj)]>orted  thesi'.  The  10-inch  pulley  was  placed  low  on  the  vertical 
shaft  and  an  idler  placed  above  the  belt  leading  to  Hie  10-inch  pul- 
ley at  an  angle  of  ab()ut  \^*^ .  The  idler  could  be  adjusted  to  hold  the 
l>eU  down  and  to  lighten  it.  The  distance  between  the  engine  shaft 
and  the  vertical  shaft  was  Ifi  feet.  Forty  feet  of  Ix'lting  was  used, 
and  this  was  passed  around  the  fly  whw^l  [XA  inches  in  diametei-)  and 
the  10-inch  pulley.  Had  the  l>clt  U'en  kuigcr  it  would  have  Ir-cu 
nuich  easier  to  adjust.  Two-ply  belling  8  inchi's  wiile  was  used,  and 
it  is  Ix'lieved  that  had  it  been  n  little  wider  it  wouhl  nt)t  have  given 
so  nuich  trouble  l»y  stretching.  Sixty  inches  of  belt  was  taken  out 
the  first  tliree  days. 


Fig.  T1. -Disks  for  rlosing  bottom  of 
well  casing. 
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The  total  lift  of  water  was  '29  feet  The<in?ticall}'  it  rf()uiro.s  only 
alKnil  8^  horsepower  to  lift  500  pilous  of  water  per  minute  this 
lieight.  hut  it  was  thought  Ix'st  to  use  a  lii-horsepower  eii«rine,  aiul 
this  was  orderetl.  The  contract  for  the  inachirierv  iiieliuled  a  <runr- 
aiity  that  tlie  4-inch  pump  woirhl  raise  470  ■rullons  per  miiiute  with 
the  jwwer  and  machinery  furnislied  under  a  lift  of  50  feet.  It  was 
not  known  what  effect  j:)Uinping  woidd  have  on  the  water  level,  and 
an  endeavor  was  made  to  i>ruvidc  ample  jKiwer  to  raise  the  water, 
even  should  it  be  lowered  to  that  depth.  The  contractors  being 
anxious  to  have  the  machinery  make  a  good  showinp,  delivered  an 
]S-hors«'povver  engine,  which  has  been  used,  although  a  liiditirsepower 
was  preferred  and  would  have  been  large  enough.  It  is  an  8  by  13 
cylinder  t'enter-crank  throttling  engine.  The  fly  wheel  is  .^4  inches 
in  diameter.  With  the  lirst  three  days  of  jnmiping  the  engine  was  not 
run  at  as  high  speed  as  may  be  done  later,  on  account  of  the  stretching 
of  the  belt  and  of  tlie  necessary  slight  adjustments  in  the  bearings 
of  the  vertical  shaft  from  the  pumji.  The  average  spwd  was  1.^0 
revolutions  per  niimite,  which  \vt»uld  give  to  the  pump  810  revolu- 
tions per  minute,  pnixided  there  was  no  sli|>|Mng  in  the  belt.  The 
engine  was  j>laced  on  a  foundation  of  D  by  V2  inch  oak  tiuilicrs.  Two 
timl>ers  10  feet  long  were  first  placed  on  the  ground  and  on  top  of 
these  three  short  limliei-s  3  feet  long  were  laid,  then  (wo  titnlier>  7 
feet  long  were  laid  lenglbwisi'  tin  these  and  the  engine  bed  boiled 
through  the  entire  framework.  While  this  does  not  make  as  gof)d  a 
fontnlalion  as  brick,  stone,  or  ccinenl.  it  has  been  found  to  be  \ery 
good  for  tiie  small  engine  used  and  was  much  less  expensive. 

Steam  is  furnished  the  engine  by  a  20dii)rsepower  Iwiler,  which  is 
portable  on  skids,  but  has  return  flues,  with  snu)ke-bi(.\  extension  and 
a  combustion  chamber  ju.-l  behind  the  iiiv  box.  This  approach<'s  the 
condition  of  a  stationary  bricked-up  boiler,  but  at  the  same  lime  is 
portable  and  may  be  i'asily  moveil  if  at  any  time  tlie  expi'rimeulal 
work  should  be  given  uji  and  it  become  necessary  to  niovi-  the  machin- 
ery elsewhere.  Twenty  feet  of  smokestack  was  usi'd,  which  gives  a 
strong  draft.  The  boih'r  was  iitted  with  two  iujedors,  which  draw- 
water  fi'om  llic  discliai'ge  of  (he  jiiimp  for  tilling  the  boiler. 

The  complete  pumping  oultit  was  purchased  from  one  firm,  at  a 
total  cost  of  $85K.:')',l.     The  items  are  as  follows; 

One  20-liorHp[iower  lioller,  wUli  Rtudke-liox  exteii.ilon  diMir  and  stack  Hiiilille, 
KriUe  liiirs,  iK'iii'liijt  liars,  lipkljie  wall.  tire-l>rii-k  IImIiik.  ixip  safety-valve,  stcjini 
{.'aufic,  Klplioii  water  mluniti.  kI.mss  wntcr  tulif.  iiauKe  cocks,  fifd  cluM-k,  anil 
lildw-fiflr  viHve,  'J  IViitiiTtli.v  iiijfctiirs.  I'd  feet  .><iiiol;estiick.  iinil  SO  fi-ct  Kiiy  wlri-. 

One  S  liy  ^'•\  IS-liorsciKiwcr  tlirottUrif;  (i'litcr-criuik  (■iiKliie,  witli  .VJ-ltirh  IimikI 
wIki'I  in  pljiiT  rif  s<|iiHre  rim  tly  Wliet-l,  .■itl-liuli  Itnint  wiafl,  niitoniiiHi'  governor, 
gnveranr  lielt,  Ihrottle  valve,  ol!  eujis,  sight-feed  cylinder  lubrlcntor.  foundation 
bolts,  oil  CUD,  and  wreucU. 
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One  No.  4  vertkwl  c«iilrlfuK!il  i>uiuii.  «itli  ii|>irt  li:ilf  of  niU|>lln^'  lioreil  forj 
Ijl-iucli  ttluift. 

i'liirt.v-flvc  feet  Ivii-liK'll  ndd-rollcil  shiifliiig. 

One  littwl  tliitiKc  sliiift  couiililii;. 

Sevfii   Iflj-'iK'ti  :MlJiistiit»lc  VL'ftlciil  Ikixj-s. 

l-'iirt.v  fift  H-lm-li  ^-|ily  (liinily  iN-ltiDK,  with  3  sets  of  fustenera. 

Tlilrfy-irliio  feel  4-hi<li  lilii.k  plije. 

Oiif  -1-iiu'U  cituitlius. 

One  4-ltR'li  ellKiw. 

Twenty  feet  li-inr'li  [iljie. 

Four  IJincli  tiiallciilili-  cllpows. 

Ten  ft't't  ;i-iin!)  |it|>f. 

Two  :!-iiii-li  [luilli'jitple  elUjWB, 

Si'Vi-1)  Hoso-i>i|ie  II ij lilies. 

One  reiUic-er,  H  liirli  hi  fi  Inch. 

One  giilloii  cylinder  nil. 

One  giilliin  luiirifiitlng  nil. 

Iti  niiiiiiii^  the  engine  at  a  sjhhhI  (if  aljont  150  revolutions  per 
miinite,  the  steam  pressure  was  maintained  at  aljout  60  pounds.  It 
was  fomid  tlmt  tliis  was  very  easily  diiiip.  Slaeli  foiil  eonld  have 
IxM'n  purchased  in  Lonoke  for  $1.IK>  per  ton,  hut  it  was  decided  that 
it  would  be  more  economical  to  use  a  l:>ettcr  jrrade  of  coal,  and  the 
e.\])eriinfnt  station  purchased  two  caHoads  of  hard  coal,  co.sting  $-2.>iO 
per  ton. 

.VrranjjetiHMils  were  math'  hy  the  e.xperimeut  station  for  the  con- 
strurtiftn  of  a  shed  to  protect  the  iniiehinery.  Since  a  vei-y  short  helt 
was  used,  a  shed  24  hy  40  feel  with  S-ftMit  jxists  covereil  the  well,  as 
well  as  the  engine  and  holier.  Galvanized-irou  nwAng  was  used. 
The  total  cost  of  the  shed  was  $i»."i. 

The  well  was  ]*laced  al)out  (iO  feet  from  the  eilge  of  tlie  rice  tield,on 
the  highest  side.  The  discharge  pipe  used  on  tlie  pum[)  was  4  inches 
in  dianteter,  aii<l  an  elhow  was  used  at  the  top.  with  a  short  (liece  of 
jiipe,  from  whicli  tlie  water  was  discharged  itUo  a  jiool  about  lU  feet  in 
diameter.  The  water  was  then  carrie<l  from  this  fK)ol  to  the  edge  i)f 
tile  rice  liehi  by  a  small  ditch,  which  was  built  slightly  above  the 
gr<)und.  with  the  earth  removed  from  the  pit.  In  this  dili-h  a  1-foot 
Ci|Kdletti  weir  was  placed  for  measuring  the  water.  AVIien  the  water 
was  discharged  into  the  [kk)1,  it  settled  and  pas.sed  into  tiie  weir 
flume  with  practically  no  velocity.  The  levee  on  the  upper  side  of 
the  rice  Held  was  only  almiit  1  foot  high.  It  was  not  only  uecessjirv 
to  raise  the  water  to  the  siu'face  of  the  grouiul,  but  it  had  to  be 
rai.sed  high  enough  to  give  alMnit  1  foot  fall  for  the  weir  and  1  foot 
fall  where  it  pa-sed  i)ver  the  levee  into  the  rice  held.  This  make* 
tiie  lift  slightly  higher  than  would  lie  necessarj'  had  not  arrangements 
been  made  for  measuring  the  water.  A  continuous  record  of  the 
dejjtii  of  water  passing  over  the  weir  is  kept  by  an  autonuitic  register. 
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No  attempt  has  Iteen  made  lo  ascertain  just  what  ofrect  tbe  pump- 
ing has  had  on  the  water  level  by  use  of  a  vacuum  grange  or  other 

means,  l)nt  since  the  pHni])  is  subin<'r>reil  ;H  feet  it  is  i<n(nvn  that  the 
water  level  is  not  drafted  down  that  mud),  fur  when  the  pump  was 
first  started  it  was  stopj^l  for  just  a  few  niimites  nniny  times  in 
order  to  make  some  ndjustmentM.  and  it  was  not  necessary  to  primes 
the  pump  in  starting  again.  It  is  not  known  wliether  the  joint  made 
Itetwcen  the  pump  and  tin*  well  is  water-tight  or  not,  but  the  indica- 
tions are  that  it  is,  for  the  lirst  three  days  of  i)uniping  did  not  lower 
the  water  standing  in  the  pit  any  perceptible  amount.  It  is  reason- 
able to  suppose  that  the  punqjing  did  lower  the  water  in  the  well  a 
slight  amount,  and  had  there  In-en  any  connection  bi-tween  tlie  water 
in  the  pump  and  tiie  water  in  the  pit  the  same  level  would  have  been 

t maintained  in  both. 
Knowing  the  fatal  results  on  account  of  insecure  k-vees  at  the  Mor 


ris  farm,  great  care  was  taken  in  the  construction  ivf  the  levees  about 


S'. 


l'i(i.  7-. — Bcctlou  uf  iIl'IU  k-vce.  Lonoke,  Ark. 
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the  rice  field.  The  levees  were  placed  about  h  feet  in  from  the  edge 
of  the  plowed  ground.  A  trench  about  8  inches  deep  was  first  nuido 
with  a  Ifi-inch  plow,  tin-owing  tlif  earth  out  in  both  directions.  This 
tn'tich  extended  lo  the  clay  which  underhtid  the  soil.  The  earth  was 
then  thrown  Itack  into  this  trench  and  at  the  same  time  horse^s  were 
ridden  about  the  field  on  the  levee  to  puddle  it.  (Fig.  72.)  The  lev- 
ees were  constructed  when  the  grounil  was  so  wet  that  it  was  with 
great  difficulty  that  the  teams  were  driven  through  some  of  the  lowest 
jdaces.  Aftt'r  the  triTich  had  been  filled,  the  levees  were  (hrt)wn  up 
by  the  use  of  (he  large  plow  and  a  crowder  constructed  of  iK)ards  2 
inches  thick  and  Vl  inches  wide.  This  machine  was  shaped  like  the 
letter  A,  having  one  side  10  feet  long,  which  in  using  had  a  tendency 
to  run  in  the  direction  the  team  was  driven.  The  other  side  was  only 
4  feet  long  and  was  the  one  which  crowded  the  earth  up  on  the  levee. 
The  horses  were  kept  going  over  the  levee  as  the  earth  was  thrown 
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up.  whieli  kept  it  well  puddled,  and  the  earth  was  parked  down  into 
the  trench  which  whs  tirsl  dng.  Xo  tnmljlc  has  hccii  expfrii'ticed 
with  the  levees.  They  have  not  broken,  and  practically  no  water  has 
.seeped  through  the  liases  of  them. 

The  prairies  iihont  Lonnke  are  dotted  with  .small  mounds  in  many 
places,  resemiiling  very  much  the  mounds  found  in  the  oil  fields  about 
Beaumont,  Tex.  Thes<'  rise  1  (o  2  feet  above  the  level  of  the  f>rairie, 
and  at  their  Imse  ihey  are  10  to  7;"»  feet  iu  diameter.  The  rice  Held 
contained  five  of  these  niounds.  One  of  the  small  levees  through  the 
middle  of  the  fields  <lividin<r  the  different  ])lats  of  rice  was  arranged 
so  that  it  crossed  two  of  the  mounds,  making  it  unnecefiHary  for  thesf 
to  be  removed.  Two  of  the  other  mounds  were  reniovcd  by  teams 
and  scra|H'rs,  but  the  remaining  one  was  left  in  order  that  it  might 
be  siiowti  just  what  the  result  would  bt-  of  raising  rice  without  re- 
moving the  mounds. 

PLAKTIUG,  WATEEINQ,  AND  HARVESTIBrG  RICE. 

The  work  of  the  .Vrkansas  Kxperiment  Station  in  connection  with 
the  rice  exi)ertuieuts  was  Ix'gun  in  February,  when  the  sod  was  broken. 
Soon  after  this  had  been  done,  heavy  rains  came,  and  it  was  not  until 
May  1  that  the  ground  was  again  dry  enough  to  !«■  put  in  condition 
for  the  sowing  of  the  riee.  It  was  di>keil  and  cross  disked,  and  then 
harrowed.  The  Ri-st  sowing  of  rice  was  made  with  Japan  seed  on 
May  3.  and  included  aJHait  ."i.."*  acres.  Soon  after  this  more  heavy 
rain  fell.  The  rainfall  at  Lonoke  for  February  was  'I.W  inches; 
March.  ,5.04  inches:  .\pril,  ;M4  inches;  May,  '2.20  inches,  and  in 
Juiu',  u]i  (o  and  including  the  "Jlid,  7.12  inches.  In  planting  the  first 
riee  a  wheat  di-ill  was  used.  This  was  set  for  planting  to  a  depth  of 
less  than  1  inch,  but  on  examination  it  was  found  that  most  nf  the 
seed  was  plaee<l  itiore  than  1  iiu'li  lienealh  the  surface.  Rains  fell 
soon  after  the  sowing  was  nuide,  and  wlien  the  ground  dried  out  it 
bal;ed  and  crusted  over  on  top.  Examinations  were  maile  from  time 
to  time  to  deterndne  Iiow  the  seed  was  gerinitiating.  It  was  ftaind 
that  only  a  small  part  <if  the  seed  sjirouted  at  all,  and  nniny  of  these 
did  not  get  through  llie  crust  on  tlu-  surfa<'e.  The  small  stems  curled 
over  atid  were  not  able  !<■  pejietrate  tin'  crust,  the  residt  heiug  that  the 
stand  was  \ery  ])oor.  This  was  prob;ilily  not  due  altogether  to  the 
deep  planting  and  the  crusty  surface,  for  it  is  believed  that  the  seed 
was  too  old. 

On  May  17  1  acre  of  Honduras  rice  was  drilled,  the  drill  l>eing  set 
to  deposit  the  seed  as  near  the  surface  as  was  possible.  This  seed  was 
procured  from  Mr.  Moi-ris.  who  had  raised  it  the  year  before  on  his 
farm  near  Carlisle.  On  May  "23  1  acre  was  sown  with  what  is  com- 
monly ktunvn  as  upland  rice.    This  seed  had  been  grown  in  small 
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jmtfhps  by  ftiruRTs  in  tlio  vicinity  of  Lonoke,  ami  was  furnished  by 
Mr.  W.  P.  Fletclier.  The  seed  res4^mble.s  the  Japan  seed  in  size  and 
!-h'iqjc.  On  May  'iO  l.().">  (K-res  of  the  ground  wliii-h  liad  liocn  sown 
with  Jiii>iiii  rii^e  was  disked,  it  l>eing  evident  that  (lie  stand  woidd 
not  warrant  any  endeavor  to  raise  the  crop  hy  irripition,  Tliis  phit 
was  adjiK'cnt  to  llie  Honduras  rice  and  was  rcphinted  with  Honduras 
seed.  The  otlier  4  acres  which  luiil  been  sown  with  Japan  rice  were 
not  disked,  but  1  Inisliel  {>er  acre  of  new  Japan  seed  was  sown  broad- 
cast and  harrowed  in.     This  seed  was  also  procured  from  Mr.  Morri.s. 

While  Ihc  heavy  rainfall  throuu;hout  the  sprinjr  up  until  the  time 
of  planliuf!;  the  rice  had  been  a  |;reat  disadvantage,  it  is  j)robable  that 
it  was  a  great  hcl|)  in  the  sprouting  of  the  rice  later.  The  pumping 
]>lant  was  not  ready  for  operation  until  June  'S-i,  but  the  7. 1*2  inches 
of  rain  which  fell  during  the  fir-st  twenty-three  day.s  of  June  was 
undoubtedly  a  great  lielp  in  bi'inging  the  rice  up. 

Some  of  the  best  I'ice  growers  in  Louisiana  advise  turning  water 
on  young  rice  fur  a  short  time  only,  wlien  it  sliould  !«?  turned  otf  and 
fiT.sli  water  put  on.  They*  claim  that  the  ground  should  l)e  kept 
moist,  but  that  the  lops  should  not  be  covered,  and  until  the  rice  is 
t  to  0  iiu:lies  liigh  water  should  not  be  left  .standing  on  it.  After  the 
first  sowing  of  Ja])an  riee  had  Iteen  replanted  the  stand  obtained  was 
satisfactory.  From  l.-j')  to  1.5  bushels  per  acre  had  been  sown  where 
only  one  sowing  was  nuide. 

On  June  'J.'J,  when  the  pump  was  finst  oj)erated.  all  the  riee  wa.s 
growitig  nicely.  The  earliest  Honduras  was  about  U>  inches  high, 
tlu'  l']>hiud  about  (>  inches  high,  and  ihe  later  Hotuluras  and  the 
Japan  rice  about  +  inches  high.  The  ground  was  .still  slightly  m<»ist 
when  water  was  first  tin-ned  on  the  field,  and  it  had  not  at  any  time 
{•rushed  over  since  the  seed  was  planted. 

One  levee  was  i-un  through  the  middle  of  the  field,  which  M^parate<l 
the  two  plats  of  Hondui'as  rice  fi'om  the  plats  of  Japan  and  I'phind 
rice.  Levels  taken  U'ftue  the  well  was  located  indicated  that  the  fall 
from  tlie  highest  to  the  lowest  corner  of  the  rice  field  was  (1  inches. 
This  inlcruicfliate  levee  divided  tli(>  field  into  two  water  levels,  and 
had  it  not  lieen  for  this  it  W(udd  have  been  necessary  to  covei-  llie 
lower  side  of  the  fi(;ld  more  than  c,  inches  deep  in  order  that  the  upjKT 
side  be  ke]>(  moist.  With  the  present  arrangenicnl.  ihe  greatest  depth 
at  any  [loint  oii  the  field  need  be  only  sliirlitly  more  ihan  '^  inches  to 
l.ee|)  the  entire  field  moist.  The  greater  the  fall  in  any  field  where 
flooding  is  necessuiy.  the  greater  (he  amount  of  water  rerpiired  to 
cover  it.  and  for  this  reason  lan<t  stiouid  be  very  level  for  rice  gi-ow- 
ing.  If  it  is  neces.sarv  to  nudie  a  great  many  levee.s  across  a  Held,  the 
space  taken  up  Iiy  them  will  make  a  matei'ial  dedur'tion  from  the 
total  urea,  and  it  is  mu<'h  uutyc  convenient  to  use  teams  in  large  com- 
partments than  in  small  ones.     The  levee  through  the  nuddle  of  the 
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Jield  was  not  made  with  the  same  precaution  as  the  outer  levee,  but       ^| 
was  made  by  tlirowinfr  up  twti  furrows  with  u  IfJ-incli  ph)w.     If  any       ^| 
water  see])s  tlirmiyli  this  h'vee  from  the  upper  side  to  tlio  lower  side        H 
it  is  not  lost  aho<;i'tlu'r.                                                                                             ^M 

The  diteh   fnna  the  pumping  plant  discharges  the  water  on  thi!        ^M 
upper  side  aiul  the  middle  levee  is  cut  to  admit  water  to  the  lower        H 
side.     The  earliest  rice  is  on  the  M])i)er  side,  for  it  needs  the  water        fl 
first,  and  water  can  be  held  on  it  for  some  time  before  it  is  turned        H 
onto  the  lower  side  of  the  field.     Olher  things  beinjr  efpuil,  the  early        ^| 
rice  will  need  to  be  drained  lirsl.  and  after  the  i>umpinjr  bus  been        ^M 
stopped  the  water  can  all  lie  drained  from  the  iipjier  sitle.  but  held  on        ^M 
the  lower  side  as  lonjr  as  it  is  needed.     In  the  fall,  when  the  entire        H 
field  is  to  be  drained,  it  will  only  !«■  necessary  to  cut  the  levee  on  the        H 
lower  side,  which  will  allow  the  wnter  to  run  to  a  small  stream  only        H 
about  onedialf  mile  away,  which  will  carry  it  to  the  bayou  separating        H 
Prairie  Lon«,me  from  (Srand  Prairie.                                                                 H 

After  the  ])iMnj>in<i:  plant   had   been  operated  three  days  it  was         H 
turned  over  to  the  Arkansas  E.vi)eriment  Station.     It  was  placed  in         H 
rhar<re  of  Mr.  (t.  E.  Chuse  by  Mr.  W.  (i.  Vinceidieller,  director.     The         H 
entire  area  was  covered  in  five  days"  pumping  at  ten  hours  per  day.         H 
The  following  tables  give  the  time  of  pumping,  amount  of  water         H 
pumped,  and  the  rainfall  and  evaporation  during  the  season:                ^^^M 

Water  puvtped  for  rive  irrigation  tit  Lonoke,  i904.                            ^^^B 

June.             {             July.             j           Angnat. 

September.                  ^M 

Day. 

Hour* 
pninp- 

Ing. 

OBllans 

mmnle. 

Hoon 

pump- 

ing. 

Qallons       Bonn 
per          pump- 
nunnte.        Ing. 

ObIIods 
minnte. 

Honra      Osllons               ^M 

pomp-          per                  ^H 

ing.         mmnte.               ^M 

1 

■ 

2         

7.ao 

432 

8.00 

486 

S.flO 
8.00 

486            ■ 
.*'♦            1 

8 

1               4 

S 

10.00 

441 

7.M 
5.16 

4«7 
608 

■ 

• 

^^ 

7 

..        ., 

^H 

8 

4.00 
8.00 

411 

4ae 

^H 

9 

^H 

10 

8.60 

44X 

7.00 

::::::^    1 

u.::::."... 

It 

il::.. ....:. 

e.so 

U7 

8.  SO 

8M 

^H 

u 

^H 

15  

a.  no 
s.ao 

451 
961 

^^1 

Mi::::::::;: 

•**•• 

8.00 

"^M 

17 

'"T.io 

461 

U, 

u     :  ... 

^^1 

L      «:    :: 

7.00 

488 

8.00 

888 

^^1 

^_  fi 

^^1 

^ft 

8.n 

«.fiO 

606 
400 



^H 

0.S0 
7.» 
4.(6 

8W 
4t» 

'.'...'..'.... 

"^^ 

^^    M 

j^H 

8.00 

888 

;::::::-::   ■ 

1       «::::::::::: 

*i 

i.ts 

4.» 
8.U) 

448 
4fil 

1       «::::::::::: 

7.ao 

4sa 

^^1 

SB 

^^1 

SO 

8.00 

888 

8.  in 

:::::::::***   | 

Sf       :;.::::: 

8.W 

8ST 

^ 

^^m        Tntn) 

la.m 

n.00 

88.26 

88.00 

■ 

4811 

4SB 



488 

-  1 

^B            "^   ■■  ■ 
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Rainfall  ami  cvaimration  at  Lonoke.  100^. 


Week  ending- 


'B.inWl.'«^5Sr^ 


Week  ending— 


a««»*»n"aSS™' 


Jnne28 

July: 

July  U 

JiilT  i\ 

July  28.... 
Aaguiit  4.. 
August  11. 
Angnat  18. 
Anguat  S.. 


Ftrl. 
(1. 1375 
ITW 
.0800 


.nan 


.OMS 

.oua 


ii.oiai 

.OiM 

.MET 
.(!:«.'> 
.0858 
.0*17 

.a»« 
.(flba 


Fitt.  Frrt. 

Septemhorl... O.lOeU         (I.IOTI 


St*ptemberrt. 
St'ptem^HTlS... 
Septeiiitwr  jS... 
HeI>teliitiori3*... 
September  aU"  . 

Total 


.00*1 


.(Wl 
.OIS 


.IB71 
.(JOB 

.oasi 

.IHIl 
Klf.l 


.TDM 


wa 


'  One  dny. 

The  total  volume  of  water  pnmped  was  15  acre-feet,  enough  to 
coviT  10  acros  of  tlic  expfrinieutal  phit  to  a  depth  of  1,5  feet.  The 
rainfall  for  tlif  season  after  piiiiijiing  Ix'gau  was  O.s  foot,  making  a 
total  depth  of  2.3  feet  of  water  received  by  the  rice  pluts. 

The  yields  are  i-eported  as  follows  i)v  Mr.  AV.  P.  P^letcher,  the 
owner  of  the  land : 

Honduras  rice. — On  the  Ititb  iljiy  «(  JIay.  1!X)4.  1i  ImsUels  of  Ilunilurns  rice 
were  wowed  witli  drill  mi  1  acre  of  Krouiid.  Tliis  rti'e  wsis  eut  on  the  4th  day  of 
0*-t(iln"r.  V.HH.  mid  thnislitil  r.n  tlie  Mith  day  of  NuveiiilK^r.  1!H)4.  The  yield  was 
2S  liuslu'ls  per  iiciv. 

Ou  tile  'Miii  diiy  of  .May,  I",Hi4,  M*  IiukIicIs  of  lloiidnnis  riee  were  sown  on  3 
acres  of  Iniid.  Tlii.s  was  i-ut  oti  the  18th  day  of  Octolwr.  t!H>4.  The  water  should 
have  reniiiliiwl  on  all  of  the  rk-e  at  least  two  weeks  longer,  es|KH'inlly  on  the  late 
sowhi);.  The  last  sowing  of  the  Hoiiduraia  rlee  was  entirely  too  late.  The  water 
was  taken  off  too  eiirly  and  llie  iT<i|)  \\:\s  not  well  tilled,  and  on  lux'oiint  of  the 
thnislier  heiiig  lin>keii  no  |ioiMioii  of  tlil.><  rli-o  was  thr.-ishtil. 

I'pluiiil  rirr. — On  the  24tli  day  of  .May,  IIHM,  1  laislic!  of  iiplaiiil  I'ice  l  riee 
that  is  ^Towii  without  wiUert  was  sown  on  1  afro  of  hind.  One  dozen  humlles 
was  thrashed  and  ylMhliil  1  hushcl.  There  were  ."i2  ilozvii  huiuiles  u|njii  the 
nete.  makluK  n  yield  of  Ti:;  hushels  |ier  iirre.  The  greater  [lortioii  of  the  upland 
rice  was  not  well  filled,  whleh  may  lie  aecoiiiited  for  iu  two  waysi:  (1)  It  wa.s 
upland  rice  and  not  Intendetl  to  have  water  appiifHl.  and  (ll)  It  was  sowu 
l;iler  than  it  should  have  hei-ii. 

.In/iuii  ricr. — On  the  :!lHli  day  of  May,  I'.KH.  4  hushels  of  ,1a|(an  rii-e  were  sowed 
hioadcast  and  dl.<kiHl  in  on  H  acre«  of  land.  This  was  cut  on  the  4th  day  of 
OclolH>r.  1!NH,  and  thrashed  on  tiic  Kitii  day  of  .NoveuiSer.  I!tl»4.  Two  dozen 
hundles  were  thrashc*!  mid  yielded  IJ  t>tisfiei.s  per  dozen.  There  were  .V>  dozen 
imnilies  jHT  aere.  Estiiuatlnu  the  yield  of  the  .lajiaii  rice  from  the  amount 
thrashed  from  the  two  dozen  huiulies  I  he  yield  was  mij  bushels  inn'  acre,  making 
M  total  of  2.S8J  hushels  of  .Tapan  rice  from  'i  acres. 

There  were  only  S  acn-s  in  all  sown.  Three  acres  were  not  thrashed  and  S 
acres  iHiorly  thrashejl  nnd  frnni  actual  ineasnrenieiits  iM'fore  the  breaking  of  the 
machine  mid  estlniates  nuide  frmti  tiicin  that  wiTe  thr.islKHl  the  yield  was  323 
bushels  from  the  5  acres,  which  would  he  eijual  to  U4j  bushels  ]ier  acre. 
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OTHEE  PUMPING  PLANTS  USED  FOR  RICE  IRRIGATION  IN 
ARKANSAS  IN  1904. 

Ill  addition  to  the  experiment  work  at  Lonol^e.  throe  other  rice 
farms  were  uperatt-d  in  ll>04.  One  was  that  of  \V.  H.  Fidlcr  near 
Carlisle.,  another  that  of  A.  Boysen  on  the  prairie  near  Wheatley,  and 
another  the  Morris  farm,  where  work  was  eontinued.  (See  pp.  5(50, 
503.)  These  cxjicriinents  wen*  valuable  to  the  piililii'  as  well  as  the 
work  at  Lonoke,  and  information  has  been  collected  in  regard  to  the 
cost  and  results  of  each. 

TKE  MORRIS  PLANT. 

The  work  at  the  Morris  farm  durinp  the  past  season  was  conducted 
by  E.  L.  Morris,  son  of  John  Morris,  who  started  the  work  two  yeare 
Iniforc.  Upon  the  return  of  W.  H.  Fnller  from  I^uiisiana  with  well- 
drilling  machinery,  Mr.  Morris  purchased  one-half  interest  in  the 
machinery  and  after  (irst  sinking  a  wdi  for  Mr.  Fuller,  tnovcd  tlie 
machinery  to  the  Morris  farm  and  put  down  another  10-tncli  well 

beside  the  old  well  in  the  s.-itne  pit. 
The  r.-im-h  Morris  centrifugal  puni[) 
of    horizontal   type   was  then    con- 
y..         nected  to  both  wells  in  an  endeavor 
^^    to  increase  (he  capacity  of  the  |>lanl. 
\,     ^^    On  these  wells  a  Cook  strainer  was 
used.     This  is  a  Ijrass  strainer  hav- 
ing slots  beveled  in  such  a  manner 

Flo.  73. — Section  of  strainer.  n,.^*  »K  »  .."..~  :     ...;  i   .  ii       ; 

that  the  opcnnig  is  wuler  on  the  \\\- 

side  of  the  pipe  than  on  the  outsiile.  so  that  any  particles  wliiih  enter 
the  slot  at  all  easily  pass  into  the  well  anti  either  sink  (o  the  Ijottoin 
or  lire  drawn  out  by  the  pump.  (  Fig.  73.)  The  strainer  used  in  this 
case  has  line  mesh,  and  as  the  wells  were  only  !MI  feet  dcei>  and  as 
water  was  struck  at  "0  feet,  (be  two  wells  had  only  40  feet  of  straiuer 
in  all.  I(  was  foiuid  thai  uo  great  advantage  was  gained  by  sinking 
the  second  well  so  near  the  old  one.  which  indicates  that  the  amount 
of  water  entering  the  well  nniy  l>c  limited  not  only  by  the  straiuer 
itself  but  by  the  gravel  around  the  strainer.  It  is  also  probable  that 
had  the  additional  20  feci  of  strainer  whirh  the  second  well  gave  been 
]>laccd  at  the  bottom  of  the  old  well,  making  it  penetra(e  (lie  water- 
l>eariug  stratum  to  a  givater  depth,  the  results  would  have  l^een  bet- 
ter, f(tr  in  this  case  the  [ircssure  would  be  greater  on  the  lower  i)art 
of  the  strainer  and  the  water  level  at  the  well  would  not  be  drawn 
down  to  a  point  so  near  the  l»ttom  of  the  .strainer. 

Fifty  acres  of  rice  were  ])!anted  on  the  Morris  farm  in  liH)4.  but 
only  -lb  acres  were  watered.     This  produced  1,7!>0  bushels  of  very 
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]iliimp  ricf.  ninking  71. ^i  Imsho!*  por  aero.  It  i?;  impossiblo  to  le-tiru 
till!  cast  of  till'  Mori'i^  j)iimi>iii{£  pliiiit,  liiit  it  is  kiiovvn  tiiiit  it  wa?? 
iniicli  "fivHtiT  than  it  need  have  bfeu,  and  it  has  been  shown  that  it  is 
tniifli  eheii|)er  in  the  imkI  to  constnict  ji  pnni]iinjr  [ihuit  witli  nioi-e 
rare  and  foretlitnifrlit.  The  nmiiy  expen^ivl'  silterutions  that  have 
been  made  would  have  Iwen  unneces.sarv  had  the  plant  been  con- 
striifted  properly  in  the  first  plat-e,  and  it  can  never  be  made  an  effi- 
cient one. 

THE  FULLER  PLANT. 

Mr.  W.  H.  Fuller,  who,  as  has  been  Ix'fore  stated,  determined  to 
make  rice  growing  a  succe.ss,  went  to  Crowley  and  Jennings,  La.,  after 
the  failure  of  the  well  near  Carlisle,  to  get  e.xperience  in  rice  culture. 
After  spending  four  years  there,  he  returned  to  his  farm,  bringing 
with  him  niachiiierv  and  pi]>e  for  sinking  10-incli  wells  by  the  jet 
proee,s.s.  A  test  well  of  ;i-inch  pipe  was  fir.st  made,  which  struck  the 
water-bearing  stratum  at  a  depth  of  70  feet  and  i>enetrated  entirely 
thrfiugh  it.  reaching  clay  at  a  depth  of  1-tO  feet.  Therefore  Mr. 
Fuller  decided  to  use  (>0  feet  of  strainer,  which  was  to  lie  set  entiiviy 
in  the  water-lx'ai-ing  gravel.  In  this  he  usi'd  e.\cellent  jutlgment, 
for  he  is  now  able  to  get  the  greatest  possible  amount  of  water  out 
of  that  stratum  with  otie  well.  In  the  jet  system  it  is  necessary  to 
decide  on  the  amount  of  strainer  to  be  ust'd  before  the  large  pipe  is 
started,  fur  the  strainer  is  hrst  started  in  the  ground  and  the  joints 
of  pipe  attached  to  it  as  the  well  is  lowered,  instead  of  tirst  sinking 
the  ]iijM»  and  dropping  the  strainer  inside  of  it  and  then  pnlling 
the  pij>e  back  far  enough  to  expose  the  strainer,  iis  was  done  with 
the  sand-pump  process  at  Lonoke.  In  the  latter  case  the  strainer  is 
saicl  to  be  tele.scojH'd. 

The  jet  process  is  a  novel  one.  After  the  test  well  has  lx?en  with- 
drawn, the  first  joint  of  the  strainer  is  started  rotating.  Having 
an  auger  attached  at  its  lower  end,  it  penetrates  the  ground  following 
the  opening  made  by  the  test  well.  The  accompanying  sketch  will 
show  more  clearly  the  method  {i]fr.  74).  A  is  the  strainer.  15  is  the 
auger  attached  to  its  lower  end,  C  is  the  test  pipe,  which  has  now 
been  ]ilaced  inside  of  the  strainer  jnpe,  D  is  pa<'king  of  chaff  lx»- 
tween  the  strainer  ])ipe  and  the  test  well  pi])e.  which  keeps  water 
out  of  the  strainer.  The  auger  at  the  bottom  is  slightly  larger  in 
diameter  than  the  strainer,  which  leaves  a  small  s|>ace  outside  of  the 
strainer,  marked  E.  The  machinery  not  only  keeps  the  pipes  rotat- 
ing, but  by  means  of  a  force  pump  muddy  water  is  constantly  forced 
down  through  the  test  pipe  and  by  means  of  a  specially  designed 
base,  the  water  passes  up  on  tin-  outside  of  the  strainer,  taking 
ont  the  borings  of  the  auger  with  il.  During  the  entire  process, 
a  man  is  kept  stirring  mud  into  the  water  in  a  pool  from  which  the 
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pump  takes  its  supply.  The  rotation  of  tho  pipt'  mny  l)e  stopped, 
but  the  muddy  water  is  kept  moving  throughout  the  entire  process, 
day  iiiid  nijUfht.  with  no  interruption  other  than  is  necessary  to 
attaeli  a  new  joint  of  test  pipe.  After  nil  of  the  strainer  is  in 
the  ground  the  well  casing  above 
it  is  attaclied.  which,  of  course, 
requires  no  packing  between  it 
and  the  test  pipe.  \Mien  the  well 
has  been  lowered  to  the  desired 
depth,  the  test  pipe  is  unscrewed 
at  the  lH)ttoin  and,  together  with 
the  chutf  packing,  is  taken  out, 
wliich  completes  the  process.  The 
auger  can  not  Ik^  removed  and  a 
new  one  is  required  for  each  well 
made.  A  pecidiar  feature  is  a, 
wooden  ball  valve  at  the  bottom 
of  the  well,  marked  F,  which  al- 
lows the  muddy  water  to  pass 
downward  to  the  auger,  but  as 
soon  as  the  test  pipe  is  withdrawn 
and  the  i)ressnre  of  the  nuuldy 
water  released  water  and  sand 
passing  upward  raise  the  wooden 
ball  until  it  closes  the  opening 
periiuinently. 

The  strainer  us^d  on  Mr.  Ful- 
ler's well  was  made  of  ordinary 
casing  by  having  slots  sawed  on 
the  outside  tran.sversely  to  the 
length  of  the  pipe.  These  slots, 
(tf  c<(Ui'se.  are  not  beveled  as  those 
in  the  Cook  strainer,  and  on  ac- 
count of  the  curvature  of  the  ])ipc 
are  slightly  longi'r  on  the  outside 
than  an  the  inside.  The  slots  are 
about  1  inch  long  and  about  1  inch 
apart. 

The  water  -  bearing  stratmn, 
which  st-ems  to  underlie  the  entire 
Arkansas    prairie    at     abtvnt     the        ^••«•  ".-Jet  process  of  .inkin,  weUt 

saute  de|>tli,  was  struck  al  a  tle|)th  of  70  feet.  This  well  is  the  only 
one  that  has  penelrateii  deej)  enough  to  throw  any  light  on  the  thick- 
ness of  tlii-  >tratuui.  It  is  the  general  belief  that  InMieath  the  clay 
underlying  it  there  is  more  water  and  that  if  wells  were  placed 
306a>— No.  158— AW — an 
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deep  enough  artesian  water  might  be  hnd.  The  lift  iit  Mr.  Fuller's 
plant  is  -27  feet,  which  is  practii-ally  the  same  as  the  lift  at  the 
Ij(ini>lie  j)Iant.  A  ]>it  (i  feet  s()U!in'  was  ihig  luul  eurix'd  witli  -J-ineh 
cypress  luinlxT.  No  i>reparation  Inid  Ixh'u  made  for  securing  a 
joint  at  a  proper  point  to  attach  the  pump,  and  the  well  casing  was 
cut  off  witli  a  cold  diisel  and  u  pipe  coupling  was  heated  at  the 
lji>ttoin  of  the  ]>it  and  was  shruitl<en  on  to  the  top  of  the  well  casing 
to  which  the  pump  was  secured.  Meanwhile  the  water  was  ex- 
hausted liy  tlie  force  pump  on  the  well-drilling  iiiiparatus.  A  (i-inch 
vertical  centrifugal  piunp  was  used.  It  was  the  intention  to  sub- 
merge the  pump  H  feet,  but  the  shrinking  of  the  coupling  to  the 
well  casing  was  done  uniler  such  great  ilifficulties  that  the  pomp 
was  submerged  only  8  inches.  Power  was  furnished  by  a  i!5-horse- 
power  engine,  commercial  rating,  and  a  stationary  boiler  of  35 
horsepower,  commercial  rating.  The  following  list  gives  the  cost 
of  (he  year's  work: 

C'lixt  of  Fnlltr  iiumiiiiiii  itlaiit. 
One  2.';-lior8e[K)wer  fiisiiif  i 
One  35- horsepower   ttollcr  i' 

S.-jtHl  liricks  for  setting  Uollers 3.'>.00 

Fire  lirii^k   for  furnace ti.  40 

Lime 4.  46 

Hauling  brick 17.  2i> 

Ut'imirs  for  IhiIUt 3. -k) 

Stiiifttuc  for  puuip 0.75 

One  ti-lncli  centrl fulfill  Klngford  pump 140.00 

Uiio  belt  and  reimlrs 33.80 

Bolls —  .80 

Hani   oil 1.50 

l'"Uu'  i-leuner 1.  <K) 

Lumber  for  slu-d  Iwiler,  etc 44.00 

I'ackliiK 1.26 

Teaiwt  for  i'.vlinder  oil .  10 

Pl|.M>H .50 

I{o<l8  for  Itoller 3.(10 

liaulliw  eiiK'Ine 20.  (K) 

Itopiiirs  for  t)oller 2.  «Xi 

EnKlni'  oil 12.00 

One  lo-lnrb  well.  14t)  feet;  10-lneh  easing;  lO-lncb  ecreeu, 

W  fpef „ - («o.  (X) 

Coupling  for  well 11.35 

Bolts .  50 

Spikes 1.50 

Discing  pit  and  setting  puuip 7.">.  f H.) 

One  Jet  and  pipe 14.00 

Rosin    1.00 

Two  stli-ks  iM'lt  dressing 1.00 

I'lovrlu):,   liarrowini;.  dlsldiig,   and  needing  70  acres,   at 

fa.50  per  acre 24.1.  ijt> 

140  bushels  seecl  rice  on  70  acres 140.00 
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53  tons  c-oiil,  nt  $2.20  (rt  tou $121.  (H) 

Ilunlltig  coiiI 55.  (K) 

Twii  Mliovels 1.85 

I'HiirlKTs  for  poal 1.75 

STi  (iii-fls  wikhI.  ot  $2  iier  tiirJ 70.  (»0 

Itiiuiilii;;  imiii|i  for  70  lUTes.  .Vj  days,  10  hours  per  day,  1 

cngineiT  mid  1  levee  tender 140.  fiO 

Ow  rliv  hinder l.^"!.  00 

Ilarvestlnj:...: -^  70.  (X) 

Sliocklng  grain -«l.  00 

Binder   twUie.. 3.H.  00 

Thraslilnj:  ri.22.")  Tiushels  rice,  by  D.  B.  Perkins,  at  3  cents.  150.  75 

Help  In  ttinishliij; 120.00 

Total   -- 3.147.50 

Mr.  Fuller  sowed  9  acre.><  of  riw  April  1,  but  was  compelled  to  wait 
for  a  wliik'  on  lurtnint  of  rains.  The  last  sowiiiw  was  made  May  15. 
When  the  irrigiitifin  was  lx>giin.  it  twilc  seventeen  days  and  eleven 
nights  to  cover  the  entire  70  acres  of  rice  whit'h  had  Ix-eii  sown.  After 
this  it  was  not  neeessury  to  run  liie  plant  continuously.  Wuni  run- 
ning continuously  it  was  found  thai  if  the  pinnp  stopfwd  for  a  short 
lime  the  water  in  the  well  was  drawn  below  the  pump  and  it  was 
neces.sary  t"  prime  the  pump  in  starting  again,  but  if  the  i>uinp  was 
not  started  for  several  hour>i  the  water  regained  its  original  level, 
submerging  thr  ])um]>.  The  only  measurement  made  on  the  dis- 
charge of  this  plant  was  a  float  mea.siirement  when  the  plant  had 
just  lieen  started  and  while  the  steam  pressure  was  yet  low.  This 
measuremenl  indicated  the  Tlischarge  at  that  limi>  to  lie  almut  T.'iO 
gallons  per  minute,  but  it  is  ladieved  that  it  e.\ee<>ded  1.000  gallons 
per  minute  at  olher  times.  The  "0  acres  yielded  5,ii2;">  bushels  of  rice, 
l>eiiig  74.(1  busliels  per  acre. 

THE  BOYSEN  PI^NT. 

A.  Hoysen.  who  is  a  resident  of  Chicago,  but  a  large  owner  of 
laud  in  Ai-kansas,  nuide  preparations  in  the  spring  of  UMH  for  the 
growing  of  rice  by  irrigjition.  A  |)iiuiping  plant  was  constructed 
on  his  ;5,r»()0-acre  ranch  near  \\lieatley.  A  10-inch  well  was  suidf 
to  a  depth  of  Si  feet,  on  which  'V2  fiH't  of  second-hand  t'ook  strainer 
was  used.  This  strainer  had  Iwen  used  by  the  Mcmpliis  Water 
Company,  aiul  was  originally  a  very  Hne  mesh,  but  liecame  worn  t<io 
much  f<u-  use  in  fine  sand.  It  was  tliought  snita!>le  for  the  coarser 
nniterial  ffunid  un<ler  the  Arkansas  prairies.  The  lower  VA  feet  of 
the  well  is  in  water-bearing  sand,  and  the  water  rose  to  within  'i'2 
feet  of  the  surface.  A  ()-inch  vertical  centrifugal  Morris  pump  was 
used  in  a  pit  6  by  fi,  curl>ed  with  li-inch  cypress  luntljer.  Insteail 
of  the  pump  lieing  attached  directly  to  the  top  of  the  well  piix"  and 
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^.llltl^org^H!  it  wiis  attaeliwl  to  n  7-iiich  drop  pipe  S  feet  long.  This 
pilK'  filtered  the  top  of  the  wall  easing,  leaving  the  pump  2  feet 
ul«>ve  the  water  level.  The  j)OWfr  was  furnished  hy  a  rated  15-lior.se- 
povver  traction  engine.  The  j)lanl  luis  nol  heeu  etlicient.  When  the 
engine  was  run  at  full  speed  the  water  in  the  well  was  drained  to  tho 
buttuin  (tf  till'  drop  pijK'.  at  which  instant  the  dischargi-  ceased,  and 
tlie  engine  U'ing  relieved  of  work  ran  for  a  sliort  time  at  very  high 
sjx-ed ;  but  as  soon  as  the  water  level  raiseil  to  the  drop  pijH»  the 
]>unip  would  agaiti  Ix-gin  to  work.  It  was  theivfoi-e  impossible  to 
run  the  puni])  faster  than  about  a()0  revolutions  per  minute,  which 
did  not  allow  the  water  level  to  Ir'  drawn  as  far  down  as  the  lower 
end  of  the  drop  \)ip.\  The  result  was  that  the  discliarge  was  only 
about  IttO  gallons  ])er  uiiniite. 

The  digging  of  (lie  pit  cost  $."»<),  The  Kt-iiicli  well  was  made  by 
Memphis  well  drillej>.  The  man  in  charge  of  the  well  nuichinery 
was  paid  $1.")  ]>er  day  and  an  assislant  was  paid  $2  ptr  day.  In 
aildition,  the  eulire  expense  of  bi-inging  the  drilling  machinery  un<l 
these  men  from  Memphis  and  return  was  liorne.  The  cost  of  the 
entire  [jinnl  was  $1, (>.">)».  of  wliich  $10(1  was  for  the  building. 

An  inexperienced  engineer,  who  wa^  employed  to  supei'intend  the 
work,  in  ad<lition  to  using  bad  judgment  in  the  <'onstruetiou  of  the 
puuiping  plant,  made  an  error  iti  running  levels  inid  did  not  locale 
the  well  tiu  the  liigbesl  side  of  the  rice  held.  This  was  nol  known 
until  water  was  turned  on  the  field,  when  i(  was  found  that  ■")  acre-: 
(uil  c)f  the  total  17  which  had  bi-eu  ])lauted  cniild  nol  be  irrigated. 
The  12  acres  produced  l.OtiS  bushels  of  i-ice.  «)r  Sl>  bushel>  |»er  acre. 
This  was  Hondiu'as  rice,  and  the  gi-aiu  was  liner  in  apjH>aranee  than 
the  seed  rice  which  vvas  |>uivhased  in  New  Orleans.  There  was  no 
market  loi-  it  iu  the  locality  and  it  is  being  fed  to  cattle  anti  hogs. 
Mr.  Uoysen  believes  that  even  this  use  of  it  nuikes  it  a  profitable 
crop.  lie  also  states  that  the  yi(dd  of  sti-aw  was  about  ti  tons  to  the 
acre,  which  the  cattle  si'emed  to  eat  as  well  as  hay. 


DIVERSIFIED  FARMING. 


^k       vej 


It  is  the  belief  of  niauy  well  acquainted  with  the  situation  tha 
late  vegetables  grown  by  ii'rigalion  will  in  the  long  run  be  far  more 
profilalile  than  rice,  as  they  think  that  the  demand  for  rice  will  not 
iiu-rease  as  fast  as  the  production  and  that  the  price  will  be  lowered. 
Louisiana  rice  growei-s  ebiim  that  in  UtOH  the  sufiply  was  etpnil  to 
the  demaiul,  if  not  greater,  and  many  of  them  did  not  advocate  any 
increased  acreage  iu  liM>4.  While  it  is  believed  that  this  condition 
of  affairs  will  not  come  about  as  soon  as  is  expected  by  many  of  the 
ice  growers,  it  is  certain  that  the  farmers  nuiy  realize  as  much  from 
vegetabl&s  n.s  from  rice,  provided  the  former  can  Ik>  gi-own  success- 
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fully.  Recently  much  interest  has  been  taken  in  the  growing  of 
vegetables  on  the  prairies.  W.  H.  Vivion,  who  was  one  of  the  most 
energetic  in  the  rice  experiments  at  the  Morris  farm,  expects  to 
irrigate  late  vegetables  from  a  small  well  on  his  fruit  farm  near 
Lonoke.  He  will  use  a  small  gasoline  engine  to  pump  water.  C.  V. 
Russell,  a  large  cotton  grower  near  Lonoke,  also  expects  to  make 
preparations  for  the  irrigation  of  late  vegetables  this  season.  A 
great  deal  of  interest  is  also  being  taken  in  the  vicinity  of  Stuttgart, 
25  miles  southeast  of  Lonoke.  E.  E.  Sampson,  of  this  locality,  ha.s 
purchased  pumping  machinery  which  he  expects  to  install  on  Bayou 
Meto,  to  pump  water  for  the  irrigation  of  vegetables.  The  people 
here  are  particularly  interested  in  drainage,  and  some  of  the  wet 
prairie  lands  have  been  drained  with  great  success. 
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IRRIGATIOX  HXPKRIMENTS  AT  PORT  HAYS.  KAXS.. 
V.m  AM)  11)04. 

By  J.  G.  Haney, 
Buperlnteniteiit  Fort  Hapii  HubnlaHon. 

Tlie  exi>eriineiits  herv  reinntetl  wfi-e  ciirrie<l  on  at  the  Fort  Hays 
Branch  Hvpcriniont  Stiition  of  the  Kaiisji.s  State  Agricultural  Col- 
lege in  eoopenition  betwwn  the  station  anti  the  irrigation  and  lirain- 
age  investigations  of  the  United  States  IX'partnient  of  Agriculture. 
The  station  is  located  at  Hays,  the  county  seat  of  Elli.s  Comity.  Ivans. 

Fort  Hays  was  estalilished  during  the  days  of  Indian  troubles  in 
the  West,  and  for  a  long  time  \va.s  one  of  the  most  important  of  the 
we-stern  posts.  In  1887  the  further  need  of  a  military  post  was 
t»bvialed  hy  tlie  i-emoval  of  the  Indians  to  Indian  Territory,  the 
troops  were  withdrawn,  and  th«  re.servation  and  buildings  were 
turned  over  to  the  De]«irtment  of  the  Interior.  The  res<.>rvation 
comprised  ~JM)  aert»s  of  gtmd  land,  and  after  much  legishition  it 
was  ce<led  to  the  State  of  Kansas  for  the  establislnnent  of  a  western 
tiranch  of  its  e.xjieriment  station  and  a  normal  schiwl.  Work  wa.s 
Itegun  on  the  exiwriment  station  in  March,  l!iO-2. 

The  station  is  located  l.»et\veen  the  ninety-ninth  and  one  hundredth 
meridians,  and  about  LW  miles  east  of  the  western  line  of  the  State. 
Conditions  aiv  therefore  fairly  representative  of  those  in  the  semi- 
arid  ptHtton  of  the  State.  It  is  in  a  section  where  e.xtensive  irriga- 
tion from  streams  is  inii>ossil>le  on  account  of  the  limited  water 
supply.  This  station  is  therefore  esjiecially  fitteil  for  carrying  on 
exixriments  to  determine  the  possibilities  and  value  of  irrigation 
iiI)on  the  semiarid  plains  where  it  must  be  supplemental  to  some 
other  style  of  farming. 

THE  WORK  OF  1903. 

The  work  was  to  !»>  conducted  hy  using  the  underground  water,  as 
the  streams  are  usually  dry  when  water  is  most  needetl.  It  is  known 
in  this  section  of  the  State  tliat  if  shale  lieds  are  struck  without  find- 
ing water  it  is  useless  to  go  farther  unless  the  shale  is  gone  through. 
This  nuiy  W  from  L'OO  to  500  feet. 

The  lirst  prospect  was  made  with  a  churn  drill  with  a  r>-inch  bit. 
The  location  is  al>ont  halfway  up  the  rise  from  the  creek  l>ottoni  to 
the  iiiilaud.  Shale  was  found  .'50  fwt  from  the  surface  and  is  over- 
laid with  a  (bin  stratmn  of  saiul.  in  which  there  is  a  small  flow  of 
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water.     Tl)*>  luiK' 


WllS 


Slink  '50  ft><H  into  tlie  shnle.  which  formed  a 


k 


basin,  aiul  tin'  well  fiirnislieseiinii^li  wiiler  fur  a  few  Jieiid  of  stock. 

At  the  second  prospect,  MW  feet  lunlh  of  the  first,  just  at  the  edge 
of  the  creek  h((tt<nn  and  11  feet  lower,  sliale  was  foimd  at  tlie  same 
deptli — ;5tJ  feet — which  sliows  tliat  there  is  a  dip  toward  the  creek, 
which  is  80  rods  distant  from  the  bottom  well.  Sand  and  ro<-k  were 
eneoimterci!  at  llie  second  ]>n>sppct  '20  fe<>t  down,  and  contained  an 
abundant  How  of  water.  This  was  dug  out  (i  feet  in  diameter,  and  is 
used  to  furni.sh  water  for  general  use  at  the  station. 

Four  other  prospects  were  made  in  the  vicinity  and  showed  the 
same  dip  of  shale.  Two  of  these  were  also  in  the  bottom,  but  farther 
from  the  stream,  which  has  an  easterly  course  at  this  point,  and  wen? 
dry;  the  two  others,  which  would  liave  made  fair  wells,  were  near  the 
creek,  and  showed  the  shale  to  have  a  dip  of  about  10  feet  in  .">00  to- 
war»l  the  creek.  One  pros])ect(  was  made  on  hifjh  land,  nearly  one-half 
mile  from  the  creek.  Shale  was  found  at  a  de])tlj  of  47  feet,  ond  no 
water  at  all. 

A  [)rospeot  was  made  one-half  mile  down  the  creek  from  the  loca- 
tion of  thosi'  mentioned.  The  creek  at  this  place  runs  east  for  nearly 
half  a  mile,  tlien  south  tiie  same  distance.  Tlie  bottom  here  is  wide 
and  slo|)es  toward  the  .southeast.  The  lR>st  location  for  a  well  on  this 
bottom  would  Ik?  at  the  upper  northwest  end,  near  the  creek.  Shale 
was  founi)  at  a  depth  of  40  feet,  but  aboi'e  this  shale  was  alioiit  14 
feet  of  sand  and  f:;ravel,  much  of  wliich  is  very  coarse.  At  this  place 
the  irrigation  well  was  put  down.  However,  another  prospect  was 
nuule  here.  ;>(»  rods  hack  from  the  creek,  and  nearly  the  same  condi- 
tioii>  found  as  at  tiie  first.  A  mile  farther  down  the  creek  two  pros- 
pects were  nnide  in  a  rather  small  l>end  near  the  bank,  and  very  little 
water  was  found.  The  last  prospect  made  was  on  the  liighest  land 
on  the  station  and  nearly  half  ii  mile  fr<uti  the  creek.  Shale  was 
found  at  VtM  feet,  and  above  it  >A'as  found  10  feet  of  sand  containing 
water.  The  prospector  said  he  saw  no  reason  why  it  would  not  be 
just  as  strong  a  flow  of  water  as  any  found.  In  all.  twelve  prospects 
were  made,  only  five  of  which  showed  stronrr  flows  of  water,  and  it 
is  doubtful  if  more  than  three  of  these  would  furnish  water  enough 
for  irrigation  purposes. 

The  irrigation  well  is  located  in  the  northwest  corner  of  the  north- 
east quarter  of  section  !)  and  near  the  creek.  E.^cavatiim  was  l)egun 
April  11.  The  well  is  circular  in  form  and  I'.i  feet  in  tliameter.  As 
soon  as  necessary  a  hoist  was  arranged  and  operated  with  a  traction 
engine. 

The  first  water  was  struck  at  24  feet  in  a  layer  of  very  fine  sand 
and  clay,  nearly  quick.sand.  Below  this  a  hard  stratum  of  dark 
giinilx)  WHS  f(uind.  The  water  coming  through  the  fine  sand  caus4'd 
trouble  immcdiatelv,  as  the  soil  above  caved.     Tlie  gumbo  below  tiie 
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sanil  was  not  solid  (>iioii<!:li  to  >tipiMirt  a  tn'inimrary  wall,  as  was  foiiiul 
aftiT  oonsidt'nible  work.  A  lu'iivy  I'urb  was  tlivn  liiiilt  of  3-iiifh 
lumber  by  cutting  tho  plank  in  Ht'gnientH  and  spiking  thoni  firmly. 
Four  tbiukncsses  were  |)lact'(l  <»nc  on  to])  of  the  olhor  and  splicpd,  so 
as.  to  make  llio  curb  in  iirclies  thick.  The  inside  dianu-tcr  of  the  curb 
was  y.5  fpct.  which  made  the  outside  diameter  l±'y  feet,  so  that  it 
easily  went  into  the  well.  The  two  lower  courses  of  the  curb  were 
set  in  3  inches,  so  that  liloeks  of  plank  aliont  1  ffHxt  loufr  and  sharp- 
ened could  be  spiked  against  these  ami  ftirin  ii  culler  around  the 
curb,  and  as  the  bhx'ks  were  sharpened  from  the  inside  the  edge  of 
the  cutter  was  flush  with  the  outside  of  the  curb.  This  curb  was 
lowei'ed  ami  set  and  an  IH-inch  wall  of  rock  laid  on  i(.  The  stone 
was  carefully  dressed,  wedge  .shajjed,  and  cliiuked  with  spalls,  as 
theix'  was  a  great  deal  id  i)ressure  against  the  wall.  .Vfter  a  few 
courses  of  rock  were  lai<l  sand  and  nnul  were  taken  from  the  insido 
of  the  curii,  which  allowed  it  to  settle,  and  as  it  settled  more  stone 
was  laid  on  to|). 

As  soon  as  the  flow  of  water  Ix'gan  to  bother,  a  Knowlas  pump  with 
a  14-inch  discharge  and  5-inch  suction  was  set  in  a  frame  suspended 
from  the  top  and  later  set  on  a  plank  laid  on  the  wall  and  raised  when 
necessary. 

After  the  fine  sand  and  gumbo  were  passed,  the  wall  was  sunk  in 
clean  santi  and  gravel  to  shale,  which  was  ICi  feet  Ik'I<)W  where  tin- 
curb  was  set.  I'Vir  the  la>t  i)  feet  the  water  gave  a  great  deal  of 
trouble,  and  it  was  necessary  to  get  another  boiler  to  supply  the  steam 
for  t!ie  pmnp. 

The  su|)erintendent  of  the  I'nion  Pacific  Railway  water  service 
estinnUed  at  the  tinu'  that  the  pump  was  throwing  ^'i.OOO  gallons  per 
hour.  The  How  <(f  water  brought  in  a  great  deal  of  >and.  and  il  was 
necessary  to  take  out  jjerhaps  sexeral  tinn's  the  volume  of  the  well. 
This  also  made  it  luvessary  to  fill  in  behind  tiie  wall  after  slude  was 
reached.  The  wall  was  built  of  >toue  to  a  point  above  the  water  and 
cave,  then  finished  witli  brick. 

The  water  rises  If)  feet  in  the  well,  or  within  24  feet  of  the  surface. 
Just  under  the  sin"face  of  the  water  two  s  by  10  iiH-h  tiudn-rs  were  laid 
in  ttie  wall  across  tlie  well  to  Mipport  the  pump.  TimlM-rs  were  also 
put  in  at  intervals  of  7  feet  above  the  water  to  sup])ort  the  shaft,  as 
the  vertical  style  of  [uunp  is  useil.  The  puui]),  a  4-inch  \crtical  cen- 
triftigiil,  is  hung  in  a  franu'  4  feet  Ir'Iow  tin-  sui'fai'c  of  the  wiiler. 
This  insures  the  pump  Ix-ing  primed  when  starting,  and  il  iloubtless 
would  be  an  advanlagc  to  have  the  pum[)  even  lowei-.  The  frame  at 
the  top  of  the  well  is  built  very  strong,  as  the  ]>ull  of  the  engine  is 
again.st  the  shaft.  The  pump  is  operated  with  the  traction  engine, 
and  the  regular  thrasher  l>elt  used. 
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COST  OF  VTEldj. 

A  detailed  statement  of  the  cost  of  the  well  is  given  l)elow.  ^^'hiie 
it  iiinv  ap|K'ar  thai  liu'  cost  is  rjiiitf  li!<rli.  it  is  lielieved  to  U'  very 
nearly  wliat  a  well  of  llii^  kiiul  undt'r  tlu;  sanu>  conditions  may  l>e 
expected  to  cost.  At  the  begriiininjj  it  was  not  known  what  would 
1h»  c'licoiiiiton'd  in  pnttiiiji  it  down.  There  is  no  doiiht.  however, 
that  anotJier  well  coidd  l>e  put  down  at  less  cost,  now  that  the  condi- 
tions are  inidcrsto<Kl.  The  superintendent  of  the  work  was  a  former 
employee  of  the  I'nion  PaciHc  Railroad  water  service  and  was  paid 
$3  [XM"  day;  enjjineers.  <li>iii:ers,  and  iiuisons,  $2,  and  common  lK'li>ers, 
$1.50  i>er  day.     The  following  are  the  items  of  expense; 

Co»t  of  trell. 

Liilmr  iif  (llKgliiK.  wiilling,  etc . $39ti(.  42 

X'rie  of  eiitiiiie.  liU  iliiy«.  nt  $;! 58.50 

Coal  for  eiiKlne.  i  ton  jior  dny  nt  $l! 58.  oO 

11.8  cords  of  stcMip.  at  SaiJ.". 100.  15 

2,.VK.>  lirlrk.  lit  J11.T2.';  jxT  1.000 33.12 

4  sacks  ct'iiieiit,  iit  $l.or» 4.  "JO 

Kcft. 

3  by  15  plunk  useil  in  curb 008 

Two  8  l>y  10  l-2-f(xit ItSO 

Nine  i>  tiy  tl  rjf«H>t 324 

Two  H  Uy  H  lO-toot ITO 

BoxUiK   for   jtuaip 100 

Total 1.3IK.  at  ?30  per  1,000..  40.  8B 

Team,  4  dn.vs'  KnidhiK *- 10.00 

200  feet  of  Much  rope 13.00 

2  barrels 2.00 

Blncksmitli    work 15.00 

4-lnch  ceiitrlfuKiil  pump,  complete 115.37 

Frelgbt   on    puinp 7.  fiS 

Totiil 8«5. 05 

THE  IBRIOATION  FIELD. 


i 


The  field  in  which  the  irrigation  plats  are  located  was  broken  in 
May.  1902.  Xo  crop  was  grown  on  the  sod  and  it  was  not  plowed 
again  nntil  March.  liHW.  The  plows  were  then  run  decjjer  than 
the  breakei-s  had  gone  and  the.  land  was  packed  ami  haiTowed 
iminedialcly  aftcrvva^d^.  As  the  spring  was  cold  and  wet  and  the 
work  generally  delayed,  the  ground  ln'came  very  weeily  and  was  again 
plowed,  [mcked,  and  harr«)wetl  before  planting  in  May. 

Till'  plat^,  nine  in  numln'r.  weiv  laid  out  to  si>ciire  the  most  uniform 
slope  fmm  the  well.  They  contain  'J  aci'es  each  and  are  («()  rods  long, 
•with  an  alley  dividing  them  cross-wise  at  the  middle.     The  well  is  at 
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the  northwest  i-oi-iht  iiikI  tlip  plat.s  ^'xtc-iid  soiitlu'iist  from  iIh'  well. 
Only  the  north  lialf  <if  fiU'h  plul  is  irrijiatcd,  the  south  half  Ijeing 
given  the  same  trvatnient  in  every  other  respwt. 

Tlie  soil  is  II  ihirk  hmin  with  enoiifih  sand  to  make  it  work  nicely, 
but  not  enoiiph  to  make  any  trouble  from  seepage.  As  indicateil  in 
the  digging  of  the  well,  the  soil  has  the  same  color  and  ap|)eanuieo 
in  every  respeet  from  the  surface  to  water,  lieginning  about  ">  feet 
from  the  surface  and  extending  3  or  4  feet  farther,  a  dry  stratum 
is  found.  The  soil  is  harder  here  than  ulwve  or  below,  but  not  differ- 
ent in  other  respects.  ■ 

CB.OPS,    1903. 

The  planting  was  much  later  than  it  should  have  been,  the  potatoes 
being  planted  May  lf^-"2(»,  and  the  corn  and  beets  at  the  same  time. 
But  the  gi-onnd  was  in  good  condition  and  everything  started  nicely. 
The  Kaw  Valley  Early  Ohio  seed  [potatoes  were  very  poor  in  cpiality, 
largely  owing  to  the  lateness  of  the  season.  C'alihage  was  not  i>lauted 
until  June  22.  All  planting  was  d<me  in  the  ordinary  manner  and 
ordinary  cultivation  was  given  the  cro|>s.  On  July  10  it  began  to 
appear  that  the  crops  needed  water,  scj  the  pumj)  was  started. 

A  1-foot  weir  was  used  in  measuring  the  water  pumped,  and,  as  it 
had  been  made  for  some  time  and  was  not  projxM'ly  set.  it  gave  c<m- 
siderable  trouble  ami  preicuted  getting  an  accurate  ri'cord.  The 
crops  were  given  one  irrigation,  the  water  being  rnn  down  each  space 
between  the  nnv.s,  but  the  soil  had  been  thrown  up  against  the  row  so 
that  the  plants  were  not  suljuierged.  It  was  found  In  lie  a  great 
advantage  to  have  the  furrow  well  cleared  for  the  water  to  rim  in.  or 
the  upjjer  ends  of  the  rows  would  iM'come  too  wet. 

The  fall  in  the  field  is  I..")  feet  to  30  rods,  whicli  appears  to  bo 
about  right.  By  having  the  furrows  well  cleared,  and  running  the 
full  flow  of  the  pmnp  into  one  furrow,  the  water  will  run  the  full 
length  of  the  plat  in  :>0  minutes  au<l  will  wet  the  soil  very  nicely 
between  rows.  The  amount  of  water  taken  uj)  by  the  soil  wtmld 
greatly  sur|»rist'  the  l>eginner.  By  running  the  water  down  every 
other  furrow  (rows  31  feet  apart)  2..')  inches  is  required — that  is, 
the  amount  of  water  reifuired  would  cover  the  whole  plat  2.5  inches 

deep. 

COST  or  IRKIGATION.  ' 

There  are  various  changes  that  will  Ik>  nradc  in  the  plant  used  that 
will  increase  its  efficiency.  The  total  lift  of  water  when  the  [jump 
is  taking  the  full  capai'ity  of  the  well  is  42  feet.  The  average  How, 
as  registered  liy  the  weir,  and  which  was  low  on  account  of  leaks,  is 
0.52  cubic  foot  jier  secoml.  The  discharge  would  equal  4.96  acre- 
inches  in  ten  hours.  The  engine,  a  12-ln)rsi'[iuwer  traction,  con- 
sumed an  average  of  ll^J  pounds  of  coal  i>er  hour.    The  coal  used  is 
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fn)iii  tlie  I>'iivi'iiwortli  iiiiiii's  luul  is  of  very  poor  quitlitv.    Tlif  ])lant 
ivijiiire.s  uii  t'liffiiu^  rtiid  mie  iimn  to  iitteiul  the  water. 

Only  one  irrifjution  of  the  crops  was  niuilo.  from  July  11  to  'J4, 
and  a  total  of  ninety-nine  and  one-half  hours'  |>mn|jin<r  was  required 
to  ('over  7  acres.  ini-hnlin<r  al!  the  crops  mentioned  in  llie  tahles.  Tliis, 
at  the  average  rate  of  discharge  of  the  pmnp.  covered  7  acres  to  a 
de]itli  of  7..'53  incites,  or  ."(1.31  acre-iiK'hes,  with  an  average  lift  of  42 
fe.'l. 

With  coal  at  $(>  per  ton,  engine  at  $2  per  day,  and  water  tender  at 
$l.aO  per  day.  it  makes  tlie  cost  of  water  for  these  items,  delivered 
on  one  Held,  $1.41  ])er  acre-inch,  or  $10.;54  |)er  acre,  for  the  qnantity 
used,  but  with  the  inii)rovemeiits  that  will  be  miide.  this  cost  can, 
without  doubt,  be  consideraldy  reduced. 

When  the  water  in  the  well  is  at  its  highest  point,  which  submerges 
the  pump  4  fe«'t,  there  is  a  total  lift  of  only  :iS  feet.  The  discharge 
of  the  jiunip  is  ]>rnctically  double  what  it  is  at  a  lift  of  4'J  feet.  This 
would  reduce  the  cost  lo  one-hiiif  if  the  water  would  hohl  at  it.s 
liighest,  whieii  shows  the  ailvantage  of  sliallow  wells  and  the  disad- 
vantage of  deep  ones. 

It  may  lie  said  in  justice  to  the  subject  that  the  work  done  should 
hardly  1h>  considered  as  fully  representing  the  pos,sibilities.  The 
seas<in  was  mnisiudly  rainy,  the  land  new.  the  seediiyg  late,  and  no 
jjrevious  e.\|)en<lilure  had  been  made.  The  work  will  l)e  carried  on 
from  year  to  year  and  it  is  expected  that  the  results  will  be  more 
satisfactory. 

RAINFALL.  AND  EVAPORATION. 

A  rain  gauge  and  evaporation  tank  were  kept  in  the  field.  The 
former  was  the  Government  tyi>e,  and  the  latter  consisted  of  a  gal- 
vanized-iron  tank,  3  feet  deep  and  3  feet  in  diametei',  set  in  itie 
ground  so  ihat  the  top  t)f  the  tank  was  a  few  inches  above  the  surface. 
This  was  kept  filled  with  water  to  within  ti  or  8  inches  from  the  top, 
and  measurements  were  made  every  wwk. 

The  following  table  gives  the  rainfall  and  evaporation  by  periods 
fnirn  the  iK^ginning  of  the  crop's  growing  to  the  first  killing  frost, 
May  25  to  September  Ki: 

Raltifatl  and  evaitm-aHun  at  Hay*,  Kan».,  May  Hi  to  September  .>,  1903. 


Period. 


I 


HnrM-HO 

Hny  an-Jnoe  8 

JaiK-«-13 

June  i:^ai 

jiiiu-a»-a7 

Juiip  27 -July  4 

.nilyt-11 

July  U  IM 

July  IK-a 


BalnfaU. 


Period. 


RalnfiU] 


iBvaporft- 

tlon. 


July  25-Aasn8t  1 

Aamist  1-M 

AuKUi.t  H-IH 

.^uttiuit  \t^-ai 

Augiwtas-ao 

August  :V-Septomber  A 
Total 


Inchrg.      Inrhff. 


.00 
1.T4 
1  M 

.as 


1.044 
l.SM 

s.«aB 

l.KH 
1.464 


14.07 
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The  following  talile  shows  yield  per  arre  of  irrigated  and  nouirri- 
gatecl  potat(H's: 

Yield  tiff  aire  of  itrijiateiS  aiit]  iwnhrinaUii  pulalWK. 


Variety. 


I  Width 
between 
rowH.    I  Large. 


Yield  per  acre. 


Bjriiank.  irri^tod 

BurljMiik,  iHit  irrigHtiHl 

Khw  Vdlify,  Oliicj,  irrigated. 
Knw  Vallfy,  Ohio,  nut  irri- 

guted 

Kiw  Vallej-,  Oliio,  irrigated. 
Kanr  V^alley,  Ohlu,  Dot  irri- 

gatiul 


Jnehf.     BiuHeU. 


aa 
as 
m 

M 

at) 
ao  1 


IB.<H 
88.66 
38.83 

17.86 
<9.61 

18.01 


Small. 


BtuMtt: 
11.25 
27.  a 
37,22 

80.70 
32. « 

28. » 


Gain  by  irrtxatton. 


Total.    I  Large. 


Buihel:  Butliett. 
106. 17  I  ~  M 
.W.88  /  ""•* 
77.IJ6  i 

\     21.98 
48.86  I 
Mi.lfl  S 

A    an.88 

M.W   I 


SmaU. 


Per 


Bu4lXl».\ 

ROB 
6.  DC 

4.81 


C5 

» 

75 


■  Based  on  total  yield. 

ATliile  the  yield  was  low,  the  results  of  irrigation  are  very  marked. 
The  low  yield  can  lie  attributed  to  the  lute  jtlimting,  as  tliere  wns  not 
a  larjTi"  iinnilj*'r  of  polatiK's  in  a  hill.  Al.su,  the  land  iK'iiig  iu'vv,  did 
not  ntiinit  of  Ix'st  residt.s.  The  potatoes  wfiv  .sold  in  the  ojien  market 
for  prices  raiiginj.;  fr<Hii  ."iO  to  (>,■)  cents  per  hiishe!  for  the  lar<re  ones 
and  alxHit  10  cents  less  per  Imshcl  for  the  small  ones,  t'allinfjj  tlie 
average  price  55  cents  {>er  bnshel  ft)r  lai-jrc  and  45  i-ents  for  .small 
potatws.  tlie  inci'eased  value  due  lo  irrifratinn  was  ^lifVili.  $15.n-J,  and 
Jr>Iis.!H  jier  acre.  ivs|)ectively,  for  thi'  [ilats  gi\en  in  {lie  preceding 
table.  The  cost  of  irrigatiim  {see  p.  ."uii)  was  $10.34  per  acre.  If 
the  cost  of  the  plant  is  cliarged  to  tlie  T  acres  irrigated,  this  will 
nniount  to  $l:i:i.li(;  [ler  acre.  Interest  on  this  at  l>  jier  cent  is  $7.42, 
and  a  similar  charge  for  depreciation  brings  the  entire  antnial  cost 
of  irrigation  nji  lo  $'J.">.ls  per  acre,  just  af>out  etpial  lo  the  value  of 
the  largest  increased  yield  irjturted. 

yirltl  iirr  urri'  nf  inhjatiil  uiiil  noiiiiTiijutn}  «irtHi/»'/-irMrje/<i. 

Irrlientetl    pounds..  42, 100 

Nonlrrlguted do SI,  200 


Oaln  due  to  liTlKatlou do 10.000 

Gain  due  to  Irriwition j..per  cent..  35 

Cabbage  was  irrigated  twice,  July  10  and  •S-\. 

Kffcvt  of  irriiialiim  on  I'abbai/e  an  iimiiifinil  iiilli  Unit  nut  hrigalfii. 


Total  plants > 

If umwr  of  good  heads 

Sooijnd'i;ruae  heads 

ATcmgt-  weight  per  head pooads.. 

Plantu  not  producing  heads 

Percentag><  of  plants  not  producing  bead* parooit.. 


"Snrehead." 


Irrigated. 


Not 
irrigated. 


W8 
IW 
lU 

«.8B 
UO 
at.6 


i 


ua 

M 

111 

2.» 
261 
86 
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Tlif  following  talile  sliow.s  yieki  of  varieties  of  coni,  irrigated,  not 
irrigated,  uiid  gain  restiltiiig  from  irrigation  : 

Ylclil  of  varietiex  of  irrigated  ami  nonirrigaleil  com,  and  gain  re»ulting  from 

irrifftttioH. 


Yield  per  acre!       T 
'Oain  per  ai-re  due 


Variety. 


Bmlth  Center  Yrflow.... 

Mlanv«otft  Nu   13 

C<.lurart<i  YfUow  No.  1... 
Anstmlian  Whito  No.  t . 
(.Colorado  No.  3 


I"**-^  irri^tod 


Ihuktl*. 
46.14 

ai.ae 

33.JUt  I 

SB.  17 
35.M 


BmAeU. 
87.  U 

n.u 

SO.  47 
27.88 
27.88 


irrii^ition. 


8 
7.W 

10.  S4 
8.11 


Ptrcmnt. 

n 

28 
IS 
87 
» 


^Miile  it  is  not  expected  that  corn  will  be  a  crop  that  it  will  i)ay  to 
irrigate,  it  is  important  to  know  whether  irrigation  will  prevent  th(? 
damage  done  by  hot  winds. 

THE  WORK  OF  1904. 

The  irrigation  of  growing  crops  in  this  section  nece.s.qarily  comes 
i\i  a  time  when  labor  is  high  pricetl,  owing  to  the  great  demand  for 
harvest  hands.  Hence  the  work  this  year  in<"ln(led  winter  irrigation, 
lis  (hiring  the  winter  and  early  spring  it  is  much  less  expensive  to 
apjjly  water.  iVJso,  in  case  the  supply  is  taken  from  streams  water 
fan  l>e  used  which  usually  gties  to  waste. 

Tlie  planting  of  (he  plats  was  planned  so  that  each  crop  wonhl  be 
included  in  the  test  of  winter  and  siimiiier  irrigation.  Winter  irri- 
gation was  to  consist  of  giving  the  land  one  gooti  wetting  Ijefore  plow- 
ing in  the  spring  and  no  subsequent  irrigation.  Snmnier  irrigation 
was  to  consist  of  irrigating  the  crops  when  it  appeared  that  they 
needed  moist  iiiv. 

The  preparation  of  the  land  was  snch  as  woulcl  1h>  given  any  field 
by  a  thoroughly  |>ractical  farmer.  The  plats  are  lai<l  out  so  that  the 
irrigated  and  not  irrigated  ]iarts  receive  identically  the  same  treat- 
ment except  the  apjilicatioH  of  water  to  the  irrigated  part.  The  land 
being  new  it  was  plowed  only  an  iiicli  or  so  decpi-r  than  previously, 
or  f)  or  7  inches.  The  ])lats  planted  to  sugar  Ix'ets  wer«  subsoiled  6  to 
S  inches  di'e[)er  than  the  ])lowing  and  the  subsoiler  run  in  each  furrow 
I>ehind  the  plow. 

There  is  no  donbt  that  previous  treatment  will  atfcct  crop.s.  Hence 
the  following  table  is  given  to  s!iow  what  was  previously  grown  on 
the  various  [ilats.  The  laud  was  broken  in  ll)0:i  and  bore  no  crops 
previous  to  1!)03. 
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pikt. 
1 

2 


1908  crop. 


Treatment,  1908. 


Potatoes. 


Potatoes,  weKt   one-half: 
cabbage,  east  nnr-half . 


h 


Corn 

do 

Kafir,  west  one-half;  sor- 
Khnm,  oast  one-balf 

Boy  beans  and  cowpeas . . . 
IlanKels  and  sngar  lieets. . 


One-hftlf  IrriRBtedia 
(froUTXfl  plowt*<i  after 
jxttAtoea  wore  duK- 

OnohaVf  irrJKBteil,  xiotato 
KTound  plowed  after- 
wards; cablMgu  groand 
not. 

One-half  irrigated 

do 

Not  irrigated 

One-half  irrigated 


1901  ciop. 


Com  .. 
do. 


V«ry  poor  Rtand  8eourt>d: 
gruuiid  plowed  and  har- 
rowed In  July. 

One-half  irrigated 

do 


Sngar  beets,  winter  irrigation, 
Sogar  beets,  summer  irrigation. 


Potatoes,  winter  irrigation. 

Potatoes,  stunmer  irrigation. 

Kafir  corn,  west  one-lialf  winter 
and  east  one-lialf  summer  irri- 
gation.'' 

Sorghum,  west  one-half  winter, 
inat  one-half  summer  irriga- 
tion. 

Corn,  west  one-half  winter  and 
east  one-half  summer  irriga- 
tion. 

Potatoes,  no  irrigatiou. 

West  one'balf  potatoes,  no  Irriga- 
tion: east  one-half  pencillaria, 
one-half  Irrigation. 


I 


"  Irrigated  half  Is  nlwsys  v>rth  hnlf  of  pint. 

•  Befer«  to  esHt  or  we«t  half  of  north  hatf  of  plat. 

CHANGES   m   PUMPING   PLANT. 

Several  changes  were  msLle  in  the  pumpiiip  plant  which  increased 
its  efficiency:  (1)  It  wns  possible  to  lower  thi-  discharjrc  pipe  2  feet 
by  resetting  the  weir,  imd  (2)  the  well  being  on  the  bank  of  a  creek 
having  running  water  in  it  nearly  the  whole  year,  a  pipe  was  put 
from  near  the  level  of  the  watei-  in  the  cnt'k  through  the  bank  into 
the  well.  A  dam  was  then  bnilt  across  the  creek,  raising  the  water 
about  3.5  fei't  above  the  regular  level  of  the  water  in  the  well.  The 
0-inch  pi[>e  put  tlirongli  the  bank  wa.s  30  feet  long  and  had  a  fall  of 
alx>ut  2  feet  in  (hat  distance.  The  pipe  nearly  supplied  the  capacity 
of  the  pump  at  a  lift  of  28  to  30  feet,  .Vt  starting  the  water  Avould 
be  3.r)  feet  above  the  ground-water  level,  and  the  |iunip  would  lower 
this  4  or  (i  feet.  The  weir  reading  showed  about  1  cubic  foot  per 
second  at  this  lift. 

Between  the  pumping  for  the  winter  iiTJgation  in  .\pril  and  that 
for  the  summer  ii'rigation  the  dam  went  out.  ami  another  was  built 
which  did  not  raise  tlie  water  so  high  by  a  foot.  This  ilecrea.se  in 
head  allowed  the  pumj)  t<t  lower  the  water  several  feet  Indow  (he  level 
of  the  former  head  maintained,  and  sjiowed  a  decrease  in  disi'hargc 
()f  appro.ximately  O.I  cubic  fcwt,  or  gave  the  pump  a  discharge  of  0.9 
cubic  fiK)t  per  second. 

The  cost  of  winter  irrigation,  with  the  3.5  foot  bead  of  water  to 
supply  the  pnm|).  was  ap|)i-o.\imately  75  cents  per  acre-inch,  deliv- 
ered on  the  field.  In  thirty-two  hours  33.9  acre-inches  were  ])umped. 
Fuel  aiul  labor  cost  the  same  as  in  U)0;J — that  is.  coal.  $*)  per  ton; 
engineer.  $2  per  day;  water  tender,  $1.50  per  day.  In  1003  the  lift 
was  42  feet,  and  the  cost  was  $1.41  per  acre-inch,  as  against  30-foot 
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lift  the  present  season  and  a  cost  of  75  cents  per  ncre-ineli.  Kor  the 
lirst  twelve  hours  of  pumping  tht-  pump  did  not  discharge  its  full 
eupncity.  as  it  was  windy,  ihe  \wM  slipped,  and  other  ditfieultiivs  were 
encountered.  During  one  jtcriod  of  tliirteen  hours'  puin])ing  during 
the  winter  irrigation  watei-  cost  hut  G8  cents  per  acre-inch,  delivered 
on  the  field. 

Hut  one  irrigation  was  given  tlie  phits  for  summer  irrigation. 
This  required  twenty-eight  hours'  pumping,  during  which  period 
i2S.l+  acre-inclii's  were  puinjied,  at  a  cost  of  SI  cents  per  acrc-incli, 
delivered  on  the  held.  The  increasi^  in  cost  over  tiie  winter  irrigation 
is  due  to  having  1  fool  less  liead  «f  water,  whidi  allowed  the  pump  to 
lower  tile  level  in  the  well  4  to  G  feet  below  the  level  held  during  win- 
ter irrigation. 

The  following  table  compares  the  three  iwriods  of  pumping.  Coal 
cost,  $(i  per  ton;  engineer.  $l!  per  day;  water  tender.  $1.50  per  day. 
The  lift  is  oidy  an  appro.ximation,  as  the  level  varied  from  time  to 
time, 

Co»i  of  immpiuij  iratrr. 


I 


Hours  pumped - 

Coul  hurnod poanila 

Lift ..feet 

Approxiiiiate  rate  of  diarbarKO  per  second cobtc  feet 

WtttiTpiiinjied Bcre-incbea 

C'rwt  per  arro-inrh 

Coul  [x-r  acro-lnch pounds 


ItOB. 


IS.  aw 

«M2 

61.81 

11.41 

24& 


IMM. 


Winter       Sammer 
irrigation,  irrigation. 


ae 
i,«ao 
tt-ao 

LOT 

as.  HO 

in.  76 

w 


I 


w 
ai-ss 

1.01 
£fi.l4 

III  Ml 
ISO 


WINTER  IBBIGATION. 

Checks  were  made  with  a  ridgor,  4  fwt  apart  and  the  long  way  of 
the  plats,  and  water  turned  into  several  of  these  at  a  time.  As  soon 
as  water  had  rcaciicd  (lie  o|iposite  end  of  the  [ihit  it  was  turned 
back  and  the  (Imv  shut  olf. 

The  ridger  was  made  of  two  4  !»y  (i  ])ieces,  4  feet  long,  bolted  in  a 
V  shape,  with  an  npeiiing  abimt  4  feet  at  one  end  and  S  inches  at  the 
other.  A  j)la(e  of  lieavy  strap  iron  was  Ijolted  on  the  inner  lower  edges 
of  the  sides  to  protect  tbem  from  wear.  The  ridger  was  drawn  with 
(he  wide  end  forward,  so  that  the  dirt  sei-aped  iqi  In'  the  two  sides 
made  an  even  i-idge  as  it  passe<l  out  at  tlie  baek  or  narrow  opening. 
The  plats  to  lie  ii-rigated  were  all  treated  alike,  and  as  soon  as  dry  , 
enoiigli  (iiey  were  plowed,  the  land  packed  ami  harrowed.  If  it  was 
not  jxissible  to  plow  (lie  ])lat  as  <oou  as  in  condition,  a  harrow  was 
put  on  to  restore  a  soil  mulch. 

The  variation  in  the  amount  of  water  which  tlie  jilats  .seem  to  liave 
tnken  was  perliai>s  due  to  stoiiping  the  pump  for  noon  or  night  on 
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uiip  pint  boforo  it  was  finisluHl,  and  not  on  all.  If  tho  stop  vras  made 
wht'ii  the  water  was  iiiit  pari  way  <ivci-  il,  it  would  In-  necessary  to 
run  over  tlie  wet  portion  again  after  tiie  first  water  had  been  taken 
lip.  Wliellier  the  {jrronnd  had  been  fall  |>h)wed  also  made  a  differeiiee 
in  tlie  aninnnt  of  water  taken,  as  is  seen  by  coinpariii'!;  plats  1  an<l  3. 
Plat  1.  having  boon  in  potatoes,  was  fall  plowed,  while  No.  3,  being 
in  corn,  was  not  fall  j)hnved. 

The  alfalfa  that  was  irrigated  wa.s  sown  tho  year  previous  and 
is  not  a  very  good  stand.  The  cutting  of  weeds,  etc.,  of  the  previous 
year  was  left  on  the  field,  wiiieli  made  it  <liffirul(  to  run  the  water 
over  it.  This  doubtless  uecounts  for  the  large  amount  put  on.  How- 
ever, there  is  no  doubt  that  the  elTect  of  this  one  irrigation  will  show 
for  a  numljer  of  years. 

SITMMER  IKRIOATION. 

The  crops  were  given  a  gfM)d  cultivation  and  made  a  good,  vigor- 
ous growlli  from  the  beginning.  It  will  be  noticed  that  while  the 
rainfall  during  May  and  June  was  not  abundant,  it  was  very  evenly 
distriliuted  and  ke|)t  all  cmps  growing  ni«'ly.  While  the  potatiH's 
and  iK'ets  diil  not  seem  lo  siill'er,  it  was  noticed  that  ihey  did  not 
appear  quite  so  thrifty  as  on  the  winter-irrigated  plats,  and  it  is  proli- 
able  that  an  irrigatii>rL  about  June  lit  wonid  have  been  a  great  hrljt. 

Irrigation  was  Itegnn  .fune  28.  and  after  one  iiour  pumping  work 
was  stop}>ed  by  one  of  the  hardest,  heavie.st  rains  of  the  season. 
Harvest  began  immediately  after  this  attempted  irrigation  and  it 
was  July  lit)  befori>  the  work  could  be  resuuieil.  In  the  meaitlime 
the  potato  cntp  was  pra<'tically  matured  and  snbse<iuent  watering 
woulrl  doubtless  have  Ijcen  detrimental.  At  this  time  it  could  be 
di.stinctly  noticed  that  the  winter-irrigated  [dats  were  in  tlic  Ix'st 
condition.  The  corn,  Kafir  corn,  and  sorghum  on  the  winter-watered 
plats  had  made  a  growth  of  H  in<'hes  lo  1  Uml  more  than  rin  the  other 
plats.  The  period  of  cultivation  was  practically  over,  liut  tlie  soil 
had  not  been  ridgi'd  up  along  the  rows.  To  clear  I  hi'  rows  for  irri- 
gation, a  Hat,  broaij  shovel  (duck-foot)  was  put  on  a  cultivator  and 
run  between  the  rows.  This  made  a  good  opening  for  the  water  and 
kept  it  away  fronr  the  jilants.  The  crops  all  shaded  the  ground,  .set 
no  furliier  cuilivation  was  given. 

All  the  plals  respmuleil  very  readily  lo  the  watering,  soon  showing 
an  improvement  over  the  winter-irrigated  ones. 
30620— No.  158—05 37 
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CTTLTIVATIOir  AND  WEATHER. 

Tho-ic  ffiUnri's  luivc  Ijocm  mciilioncil  iit  oUrt  plac^os,  but  not  spe^ 
ciHciilly.  Till'  i-nltivulioii  licfian  iis  s<ioii  as  (hf  land  was  pluwud. 
Tlic  plows  wci<'  followed  with  the  snlwiirfat'f  packer,  an<l  this  with 
n  liai'fow.  The  (•to[)>  wcfc  ])lant»Hl  immcdiattdy  after  the  plowiuir 
and  soil  mulch  tnainlairii'd  liy  use  of  the  luirrow  and  weeiler  nn( il  tlie 
crops  were  Utu  lai'ge  for  these  tools.  Tile  jjlats  of  sugar  Ix'ets  did 
not  receive  this  treatmeitl  after  they  were  up,  as  the  plants  are  too 
tender,  hut  as  soon  as  pt^ssilile  the  spring-tooth  cultivalor  was  used. 

After  the  other  crops  were  too  large  for  tlie  harrow  or  weeder,  the 
sniall-sh(tveled,  4-gang  mdlivator  was  used  as  often  as  neeessarj'  to 
keep  the  weeds  down  ainl  the  soil  in  g(K)d  eontlitioii.  This  required 
n  cultivation  after  every  rain  that  formed  a  crust  to  any  extent. 

The  sugar  beets  were  given  one  eidtivation  U'fore  thiiuiing.  The 
seed  wa.s  planted  very  thic^k  and  when  the  jdants  liiui  about  fonr 
leaves  they  were  thinned  to  one  j)lant  to  every  <>  inches  and  at  the 
same  time  all  weeds  were  removed.  It  was  necessary  to  hoc  the 
beets  onee  after  thiiming,  as  they  spreatl  widely  and  the  weeds 
can  not  be  taken  tjut  of  the  row. 

Till'  weathei'  has  also  been  spoken  of  as  being  generally  favoralde. 
I)ut  there  is  no  doubt  that  there  was  a  slight  tletieit  in  the  rainfall 
throughout  the  season.  By  reference  to  the  following  table  it  will 
be  seen  that  the  raitifall  for  Ajiril,  May,  June,  and  .July — tiie  four 
growing  mouths — was  but  HK'i'A  inches  for  the  entire  period,  and 
previous  to  tliis  period  there  had  beeti  very  little  rain  for  moiitiis. 
However,  (he  very  even  distribution  of  the  rains  and  the  abs<Miee  of 
any  long  dry  periods  gave  the  cro])s  a  chance  to  make  full  use  uf 
all  the  moisture  that  fell. 


I 
I 


RAINFALL    AND    EVAPORATION. 


J 


C)bservftli*His  of  rainfall  and  evaporation  were  conducted  on  the 
irrigation  field  similar  to  those  of  1903.  (See  p.  572.)  The  rain 
gauge  and  large  evaporation  tank  were  set  at  the  northwest  corner 
of  the  iield.  Measm-ements  were  taken  once  each  week  throughout 
the  period  from  April  28  to  October  29.  These  are  given  in  the 
accomi>anying  table,  as  are  also  notes  on  the  general  weather  of  the 
period. 
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D»t«. 


K^"'"!!-  STaSS: 


Ajiril  3»-May  8 . 

May»-14 

May  14-21 


May  Sl-)». 


May  a<-Jnni<4 

.Turii"  4-11 

Junn  II  1« 

June  IS- 35 

Juno S5  Julys 

Julv2  V 

Julytt-IB 

JulyK^aa 

Julya4-;« 

July  HD-AUKUKt  6. 

AuKniit»-l3 

AuKUHt  i:+-ai . 
AuKUsl.  ai  )>7  . 


AuKiist  27-St'i>temher8-- 

8cptoinb(<r:i-l(J 

SeptcmlKT  Irt-l" :. 

8cpti>ml>or  17-84 

S«pteriibi-r  S4-Uctober  1- 


Oftrtlwrl-H... 
Orl.)l«'r(«^l«.. 
Oitolx-r  Irt-a. 
Oct/>b«>r  2S-at. 


Total  . 


Wind. 


Ftet. 
O.S47 

.(xn 

.018 

.OU 

.OM 
.(116 

.nw 
.(no 

.108 
.(KM  , 
.0(B 
.U&8 
Mil 
.1(H  I 

an 

.147  ; 

.noe 
.aou 
.(NO  I 


.OHB 
.(M 

.000 
.OOT 

.not 

AW 


FVrl. 

n.ite 

.SIH 

.lie 

.(H8 

Am 

.UKtl 

.(l!4K 

in 

.ICH 
.(HI 
.151 
.104  I 
lifi 
.(KM 
.Ktt 

Am 
.  I  (11 
Anei 
.111 
.111 

AKl 
.(170 

.(rr« 

.Kfci 
.(KB 
.(KW 


1.144 


2.  dig 


southeast 

Ncjrth 

Suntb  t>  aoDtb- 

east. 
EiiHt    to    aoutli- 

cast. 

Nortbwost 

South .. 

H<)Uthot6t  -. 

South. OAftt -. 

Eaxt, south 

do 

Sooth    

8oDtb.rast 

Uontlipoat 

Ea.st,N<iuthra«t  . 

.      do 

EaBt   

Sonthnust  

NorlliwHst 

West 

Eust.HOUthuaxt . 

En.4t.miuth 

.Sondi  to  Hooth- 

OilHt. 

South. east 

South 

Xorthwwit 

West   to  north- 
west. 


Wwtlier. 


Cloudy,  moderate. 
Mild,  bright 
Partly  rloudy,  mild. 

Partly  cloudy,  warmer. 

Showery,  mild. 
Let48(;Ujudy.fou«und  miat. 
Warii.er.  partly  ektudy 
Shoivern,  warm. 
.Stormy,  warm. 
Showen*.  c^KiliT 
(.,'leor,  warmer 
Clear,  hot  tlay»i. 
Windy.  eiKiler 
Clearer,  mild 
Clear,  warmer 
CloU'.y.  wet,  warm. 
("Wror,  warm. 
Clear,  eiMiler. 
Cl'.-ar.  UK-tderate. 
Tartly  eloudy-  warm. 
Partly  cUmdy. 
Showery,  eooler. 

Partly  clondy,  moderate. 
ThreHti'niUK.  moderate. 
Partly  rloudy.  nxAer. 
Cleor,  moderate. 


I 


Note.— From  January  1  to  April  W,  1904,  the  total  rainfall  was  0.04B  foot. 
CHOPS  AND  RESULTS. 

The  crops  irrigated  were  .sugar  iK-et.s.  Burbank  nnd  Early  Ohio 
potatoes.  liliu'k-iiiiU  wliile  Kafir  corn,  Cohnan  sorgliuiii,  Kellogg's 
Pride  of  Saline  corn.  Pearl  millet  (or  jiencillaria),  and  alfalfa.  It 
may  be  said  tliat  all  the  crops  respondeij  favorably  to  the  irripttitni. 

The  l>eets,  Kafir  corn,  sorghum,  and  i^encillarin  were  jjlaiited  in 
drills  21  inch(^s  ajiart.  The  potato  seed  was  cut  but  littli'  and  droj)- 
ped  one  ."^eed  in  a  hill  18  inches  apart.  t!ve  rows  Ix'ing  'Mi  inches  apart. 
The  corn  was  planted  on  the  surface,  one  stalk  in  a  hill.  Hi  inches 
apart,  width  of  rows  Iwing  8(1  inche-s.  The  sorghiim.  Kafir  corn,  and 
peiicillaria  were  cut  with  ii  com  harvester,  the  corn  husked  from 
the  shock,  sorted  into  good,  marketable  ears  and  nubbins  and  weighed. 
The  fodder  was  likewise  weighed.  The  heads  were  cut  from  the 
Kalir  corn,  sorghum,  and  pencillaria,  thra.shed.  and  weigtied.  The 
heads  were  weighed  before  thrashing  also,  so  as  to  oiitain  full  weight 
of  fodder  and  grain.  The  [)otatoes  were  dug  in  the  usual  manner 
and  .-^orted  into  an  extra-good  market  da.^s  and  second  grade.  The 
beets  were  pulled,  topped,  and  weighed:  then  put  in  a  root  house. 
Samples  of  the  beets  were  sent  to  the  chemical  department  of  the 
Kansas  Agricultural  College  and  the  (Treel(jy  Sugar  Company,  of 
Greely,  Colo.,  for  analysis.    The  results  of  these  analyses  follow. 
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By  AuriciiUuial  Cullvi/c,  ilaiihattaii,  Kana. 


ArenvKe  Rngar  in 
weight.  I    jnic:-. 


Winter  iiTiBHtcd . 
Summer  irrijfattMl 
K(>  iiTifeV.tkin 


Pottnda.  P^ctnt. 
2.7BI  lain 
t.X5  12.71 

1.86  14. 15 


By  the  Oreeley  Sugar  Company,  Oreeley,  Colo. 


Winter  irrigated: 

Larco 

Sraiill 

Snmmor  irrigated: 

Lurui^ , 

Smiili 

Noirrifc'ntlou: 

I.«rge 

gnuQl 


Momiier  A veraice  I  Sagar  In  Sugar  4n    i>-_>_ 
of  becla.    weight. '    jnlce.       beeto.      "»"'! 


Ounera. 

m.m 

iS.60 

70.40 
».W 

42.M 
19.71 


iPtrcml. 
14 
lA 

13.4 
14.8 


1&8 

1A.5 


PcTltUl.' 

12.  Ml 
13.8(1 

12.  ue 

1S.») 

IS.4U, 
13.95 


Ptrctnt. 

7».5 


75.2 
7P.B 


1 


Accompanying  Hie  (ii'eeloy  Siipii"  Compiiny'.s  !'ept)it  on  tlio  analysis 
was  a  letter  fcom  the  manager  of  tjie  ])]ant,  from  which  the  following 
extract  i.s  taken: 

The  nwiiKs  sUuw  timt  none  of  llie  bi't'ts  were  lijif.  We  ilivltknl  eneli  lot  Into 
two  HiuiiiileH — Ijir^e  niiU  minill — so  tliut  you  lulglit  see  tjow  miieh  more  jirefenible 
an  iiveniKi'-slziHl  beet  is  for  tsuKiU'  thjui  a  vvvy  liir^p  one.  We  eliliui  tliat  tlie 
luii.xliiiuin  size  fur  a  gntnl  KUR.ir  lio-t  is  ;{  iHuiiid-s,  while  the  nvenige  oiios  t-onn' 
neurer  I..''i  ikhiiuIs.  Tiic  siniill  Inlets  of  thi>  not  lrrlt!iili'il  saniide  \vev{-  the  ••nly 
ones  of  the  wholr  lot  Unit  eonUl  he  tiM-nietl  of  foiniiu»rii;il  viilni'.  anil  even  they 
were  not  good  i-nmii;!!  lo  lie  wry  euoouritginp  from  a  manufueturer'u  point  of 
view. 

We  would  Jutlge  from  the  Kenenil  jijjpearanee  of  the  iioots,  they  beliif;  some- 
what stubby  and  a  larj^e  proixirlion  liaving  grown  aliove  ground,  that  the  soil 
bud  (veeii  inviiared  lo  a,s  great  a  di'i>th  1  U»  to  12  inches)  as  we  find  necessary  to 
give  tlie  best  results. 

Tliiis  it  woii!(]  seem  that  the  beets  were  oversize  nnrl  green  at  taking 
tlie  .■^iimple;  Imt  they  usuiilly  wmihl  have  time  to  fully  mature  before 
heavy  frost.  Owing  to  long  distance  fi'oni  factory  the  freight  rates 
prohibit  shipjiing  the  Iwcts.  The  yields  of  beets  are  shown  in  the 
following  table: 

Sugar  beet*. 


Irrigated. 

Not  irrigated 

Ige";-       «"«'"        '     Date 
wattTcd. 

Water 
applied. 

Yield 
per  acre. 

Sugar 
tent. 

Vleld    1   Sngar 
per  acre.,     test. 

gallon. 

1 

1  (  Winter Apr.  12 

1     Summer July  28 

•  6,TO 
5.  SI 

Totu. 
16.  &! 
19.57 

Perceitt. 
mfll 

12.  n 

Ton*.     Per  ctnl. 
14.14         14.15 
14.38          14.15 

Tonii. 

2.8» 
5.21 

/>>  eent. 
18.  Wi 

aii.i» 

IKRIGATION    AT  KORT  HATS, 


sirer 
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f 

The  potatMS  are  of  vcrv  fine  qiinlity.  and  commantl  a  price  over  the 
stock  sliijippd  in  from  irrifrntcd  districts.  Tho  yii'lfl  nii^rht  havi'  hi-on 
incTt'iiSfd  liy  jdanlinji  thiclviT  on  tlic  irrigated  i)hit,  l>iil  tiiis  wonhl 
have  interfered  with  detenniniiig  the  effect  of  using  water.  It  has 
Ix'cii  till'  intention  thronghont  tiit'se  experiments  that  only  the  adfli- 
tion  of  water  shonM  In-  respoiisildc  for  any  variation  in  yield.  The 
following  table  gives  the  yields  of  potatoes: 

Yiitiix  ijf  pfjlatocii. 
Bi:iin.\NK. 


Saaaun. 


Winter... 
Snmrner . 


Irrigated. 


1 

tate  war 

1 

tercd. 

s 

a 

^ 

Apr.  18-18..     3.tS| 
Janets 1.01 


! 


Not  Irrigated. 


1 


Oaln  dtie  to  Irrigation. 


Total 


Biuh'Biuh.  Biith.  Biuih.,Hiiiih.  Bwih.  Biuh.\Buth.'Tii>ui.\  P.el. 
71. (M  «,.1ti  M.84  40.24  U.H  43.7R  21. Ml  l.M  23.(»!  81. » 
S8.M  0.80  n.44  MH  &.Si]  58.08  1».40{    \.»,  tl.BHI  88.83! 


KAW  VALLEY  OHIO. 


I     Winter.... 
(     Bnmmer . . 


Apr.  18-18. 
JuneW 


8.K)  r>T.a4  4tt.l21IM.4«{  art.M 
l.OI  «).(H  24.24!  74. 2N  31.. W 


S(.74'  Ri.iW  »I.SO 
31. 1»  62.78  U.48 


14.  »r  40.  W;  118.88 
-8.S8  II.  M  18.48 


The  potatoes  sold  for  the  same  prices  as  in  1!>03,  50  to  00  cents  per 
bushel  for  large,  and  40  to  55  cents  per  bu.shel  for  small  ones.  Tak- 
ing average  prices  of  5.')  and  4."i  cents  per  bushel  fur  the  two  grades, 
c(mi|)uting  intei-est  and  depreciation  us  in  1!>0;},  at  $14. S4  per  acre, 
and  taking  the  cost  of  pnmping  as  given  on  page  7tH\,  gives  the  fol- 
lowing statement  of  the  financial  results  from  the  irrigation  of 
potatoes : 

Comparative  utalement  of  coat  of  irrigation  and  crop  retuma. 


Kind. 


Winter  irrigated  iBnrhanki 

Kuintner  irrigated  (Burtiauk) 

WinU-r  irrigated  iKaw  Valley  Ohio).. 
Snminer  irrigated  (Kaw  Valley  Ohio)  . 


Valne  of 
increased 

Setd  dne     Intereat 
Iniga-  and  depre- 
tioD.  elation. 


Ooat  of  water. 


112.  &7 
U.U 

«.on 

7.05 


tl4.N4 
14.  K4 
14.84 
14.  M 


Pump- 
ing, etc. 


12.87 

.82 

8.87 

.82 


Total. 


$17.71 

i.ve7 
17.  n 

15.86 


The  talde  shows  quite  largely  increased  yields  due  to  irrigation, 
but  in  one  case  <nily  is  this  increase  large  enougli  to  rcjiay  tlie  cost  of 
delivering  the  water  on  the  field.  The  cost  of  ikdivering  the  water 
was  $8.01  greater  than  the  value  of  the  increased  yield  due  to  the. 
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summer  irrigation  of  the  Knw  Valk-y  Ohio  iiotatoes,  and  $5.14  and 
$-1.10  {?rea(er.  ri'.-^iH'ctively.  for  the  wintor  irrijrati'd  and  the  sniiiiner 
irrigated  Biirhanks.  In  case  of  the  winter  irrigated  Kaw  Vallev 
Ohio  variety,  the  vahie  of  the  increased  yield  was  $3.;i4  gi-eater  than 
the  eost  of  delivering  the  water:  Imt  this  should  not  be  lookeil  upon 
as  a  net  profit  due  to  irrigation,  fur  to  the  cost  of  delivering  tiie  water 
should  lx>  added  the  expensi*  of  eliecking  the  land  in  preparation  for 
the  ii[)j)licatiou  of  the  water,  atul.  also,  the  extra  expen.so  of  <ligginor 
and  iniirketiiig  the  larger  crop  of  [lotatoes.  It  is  hardly  fair,  how- 
ever, to  charge  the  entire  cost  of  plant  to  the  7  acres  irrigated,  as  tl»e 
puni|)JTig  of  water  enough  for  thi.s  tract  requires  l)ut  a  few  liours.  and 
the  >iitMe  e(|ui[)ntent  w<iiild  serve  a  much  larger  area.  The  co.st  of 
raising  waterds  also  nuich  greater  tinin  the  average  reported  from 
other  jjlaces.  The  expi-riments  show  tiiat  irrigation  makes  a  large 
increase  in  yields,  hut  the  cost  is  exii'.-^sive.  It  is  jjtissihk*  that  this 
cost  can  be  reduced  to  come  well  within  the  value  of  increased  yields. 
leaving  a  good  margin  of  profit  from  irrigation. 

DTIIKH   (  itocs. 

The  following  tables  show  the  results  of  experiments  with  other 
crops : 

Yields  of  Kafir  ctirti,  gurffbuiii.  ami  Pcncillaria. 

KAFIU  CORN. 


I 


Season. 

Irrigated. 

Not  Irri- 

Acre- 
age- 

1 

Tieldper 
acre. 

Kated,  ^«ld 
per  Bcre. 

Oaln  doe  tu  irrigation. 

wat<»red. 

plfod. 

SMd. 

Fod- 
der. 

Seed. 

Fod- 
der. 

Seed. 

Fodder. 

i 

i 

Wlnt«r 

April  13-15. 
JulyK 

In. 

4.  IB 

Biuh. 

43.  W) 

85. :« 

Tont. 
3.(6 
4.6(1 

Buth. 
44.  tU 
It).  04 

Ton». 
1. 72 
1.72 

Biuh.  'per  el. 
-1.7H    -H.UK 

Tutui.  Per  ct. 
1  .<<>       7fi  't\ 

1.^.72     8(1.04     i.'H     llli  Ml 

' 

SOROni'M  (COLMAN). 


Winter 

April  15.... 

July«7 

3.M 
6.64 

86.  SB 
40 

7.18'  318S 

tOB 

2.80      T.(n!4.« 
4.a>     18.04     4.84  1 

ladiB 

1 

gnnnn^r 

7.88  1  aS.TU 

3.  IN 

i;o.ii 

PRNCILLABIA 


)     Hummt-r . 


Julyan 3.84     14.UB     4.7»      7  78  |  S.S» 


7.n 


08.8  I    1.4      41.42 


Yield  of  com  {Kcllogfi'n  Pride  of  Sitlina). 


L 


Season. 

Irrigated. 

Mut  Irrigated. 

Acre- 
age. 

Date 
watered. 

Water 
applied. 

Yield  per  aero. 

Yield  per  acre. 

First 
grade. 

Biuhrln. 
4«.2« 
Si.  a 

Seonnd      Total 
grade.       fb  !d. 

rSSt. 

Flrat 
grade. 

Second 
grade. 

i, 

"^nntar— . 
Snnimer.. 

April  1&-W . 
Jnlyai 

InrJtCM. 
5..1K 
4.54 

BiuhcU  '  BuMhels 
S.U          5142 
5.72          69.14 

7V>iui. 
1.71 
1.77 

BiuhtlM. 
41.58 
^7.42 

ButhtU. 
5.71) 
5.70 

IKBIGATION   AT   FORT   HAYS,  KAN8. 
Yield  of  corn  (Kelloyg'a  Pride  of  Salina) — Continued. 
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Acre- 
age. 


Total. 


S««<1. 


I   Fod- 
der. 


JiuthtU.  I  TtinH. 
^       i'.W        O.HI 

4:).  12       .m 


Not  irrigated. 
Com. 


r 


Fodder. 


Flrat    '  Second     First     Second 
grade,      grade,   'grade,     grade. 


HtuheU. 
4.  TO 
18 


BunheU.  I  Ton». 

0.56   

.02  i 


T<m». 


Total  gain  due  to  irrigation. 


I 


Corn. 


Fodder. 


ButheU. 
4.14 

16.  ue 


Ptr  ctnt.\    T<in». 

H.7i>  .       0.91 

37.15  I         .97 


Percent. 
113.7 
121.2 


Yield  of  alfalfa. 


A^-                   Season. 

Irrigated. 

Notlrri. 

gated, 
yield  per 

acre. 

Date 
watered. 

Water 
applied. 

Yield  per 
acre. 

gation. 

1     Winter 

April  16-18. 
July»7-2B.. 

Inche: 
18.9 
18.6 

Ton*. 

z.ta 

8.04 

Ton*. 
2.80 
2.76 

Tom. 
0.80 
.28 

Per  cent. 

au.74 

10.14 

IRRIGATIOX  XKAR  (;AK1)HN  CITY,  KANS.,  11»04. 


^H.        V^' 


li.v  A.  K.   W'Hii.in   iiiid  A.   l;.  Cdixixs, 
Ai/i'iiIh  unit   l.'xitirtn.   /iriitdliuii   nml   liruimnji-   Invegtilialinnt. 

INTRODUCTORY. 

The  vullpy  of  ihe  Arkansas  Kiver  iit  (innlcn  City,  Ivans.,  is  tlivided 
into  two  tlistiiict  Huts  or  levels,  ciicli  with  a  iiiitural  slope  of  almnt  7 
feet  |)er  inih'  in  an  easterly  ilirection,  or  in  the  same  fieiiend  direction 
and  with  the  same  avera<j;i'  slope  as  the  river  Ix^d.  The  lowland,  or 
first  hottom,  as  it  is  termed,  e.xtends  fi'oni  one-forirth  lo  one-linlf 
mile  on  either  side  of  the  river,  antl  is  devoleil  wholly  to  the  raising 
of  hay,  as  during  periods  of  exceptionally  high  water  it  is  completely 
flooded.  The  higher  Hat,  or  sefontl  Ijottoni,  on  the  north  side  of  the 
river,  owing  to  its  nniform  slope  and  llie  general  eharaeti-r  of  the 
soil,  is  partieidarly  ada|)tal)le  lo  irrigation.  From  a  jKtint  about 
3  miles  west  of  (Jardeti  City  (o  a  point  ulxmt  "i  miles  east,  where  the 
sand  hills  on  the  south  ami  the  hlnll's  on  the  north  sntldenly  elose  to 
within  a  half  mile,  this  second  bottom  is  entirely  covered  by  the 
Ciardeii  Cily  ditch  and  its  laterals,  which  ar»>  owned  and  controlled 
by  citizens  of  tlardeii  Cily.  'J'he  ditch  was  originally  planne'il  td* 
irrigate  (>,000  acres,  but  owing  to  an  injudicious  use  of  water  m 
irrigation,  seepage,  and  eva])orati<m,  antl  tt»  loss»'s  due  to  poor  con- 
struclion  and  cijually  p(M>r  maintenance,  the  maxiuunn  irrigating 
capacity  of  the  system  has  been  only  about  3,000  acre.s,  and  even  this 
was  possible  otdy  during  [jeriods  of  except iomilly  high  waler  in  the 
Arkansas  Kiver.  As  the  sup[)!y  of  water  from  the  river  is  not  tit  be 
depended  H|)on,  a  large  nundier  of  windmills  are  used  to  raise  water 
for  irrigation,  i>nd  in  several  instances  small  centrifugal  pumps  and 
gasoline  engines  have  been  installed  for  this  purpose.  Tiie  areas 
irrigated  in  thi.s  manner  are  not  large,  yet  in  view  of  the  uncertainty 
of  water  supply  from  other  sources,  to  irrigate  the  smaller  areas  by 
individual  pnnii)ing  plants  and  to  specialize  crops  are  ecoiumnc  lines 
along  which  the  most  successful  results  can  be  obtained,  ()]iposed 
to  this.  Ihe  citizens  of  Garden  City  advocate  the  otnibination  of  the 
water  brought  to  the  surface  by  pumps  or  by  gravity  and  its  dis- 
charge into  and  di.stribution  through  the  ditches  already  established. 
Of  the  (wo  methods  of  o!)taining  water  a  gravity  system  is  jierhaps 
the  more  strongly  advocated.  Numerous  engineers  have  been  con- 
sulted n>garding  the  feasibility  and  probable  cost  of  such  develop- 
ment, mid  the  opinions  advanced  hnve  l)een  as  varied  as  the  methods 
proposed  for  bringing  the  water  to  the  surface. 
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THE  APPARENT  SUPPLY  OF  UlTDERGROUND  WATER.        ■ 

Tlial  \hv  so-called  "  undi-rHow  "  is  enornKius  in  this  district  is  iin- 
<jiii'>ii<iii!il)l(',  l>iit  to  whiit  oxU'iit  it  <-iiii  l)c  ilniwii  oii  withniit  liiivino'  to 
Willi  Uir  ii  rr|>k'iii>liiii^  of  tlic  iiH'ci-tcd  un'ii  is  ii  (jnt'stiim  lliiit  ctni  Im* 
dwiiicil  niilv  liy  it  |)nu'lic;ij  t<'>t.  In  >ucli  ]>iiiiits  as  aiv  in  <)|H'riiliini 
it  is  iuqxi.ssiMo  to  ati'fct  iiiiUcriitlly  llu'  siii>|ily.  and  coiitiinioiis  [jiiinp- 
irig  adds  U>  i-allu-i'  ihan  ik'tnifts  from  tla-  ellifiL-iicv  of  tin-  wulls. 

The  siirfiur  of  tlu'  gnmnd  wators  iiv  this  iTgion  is  :i  (daiK."  with  a 
slope  tu  liio  ca.-^t  of  7  feet  to  tln"  mile.  Tin'  river  ht'd  lias  Iho  same 
general  dircrtion  and  sNipe.  hut  the  nndei'f^nnnid  waters  do  not 
appear  to  depend  a(  all  on  tlie  water  conditions  of  the  river,  except 
that  roiitiuned  liiyh  walei"  [irodni'es  a  slij^hl  rise  in  (he  ;rr(»niid  level. 
Folhtwiufr  the  receding  of  the  river  (he  sni'faee  of  the  jrroiiiul  water 
gradually  ussnnies  its  normal  level,  and  continned  stages  of  low 
water  oi'  times  when  the  river  is  dry  do  not  allect  il. 

The  yearly  contribution  to  tli«  siipj)ly  hy  ])recipitation  alone  must 
neces.sarily  Iw  great.  The  catchment  area  is  large,  and  with  a  rain- 
fall of  ahoni  "JO  inches  |)ei-  year  draining  into  this  water-lH-ariiig 
.«trntuin  tlie  siipi)ly  would  appear  to  l»e  inexhanstihle.  Observations 
made  of  the  water  supply  in  establishetl  pumping  stations  sustain 
lliis  assmnption. 

The  largest  plant  in  this  vicinity  is  the  one  from  which  the  city 
is  .supjdied  with  water.  Here  a  liO-foot  circular  well  was  dug  and 
curbed  with  brick  an<l  cement  work,  and  from  llie  liottom  of  this  a 
12-inch  j>erforated  iron  feeder  was  sunk  to  the  depth  of  '20  f<H.'t. 
This  single  feedei-  fnrni.shes  .WO.OOO  gallons  of  water  per  pumping 
day  of  si.xteeii  lionrs.  During  this  pnniping  the  water  in  the  main 
veil  is  lowered  about  1.j  feet,  i*nt  at  this  (joint  (he  water  supplied  by 
the  single  feeder  U'comes  efpud  to  the  demand  and  a  further  lowering 
at  this  rate  of  pumping  is  iinjmssible.  Several  times,  however, 
through  forced  |)uniping  the  water  has  been  pumped  lieyond  the 
capacity  of  the  feeder,  ainl  the  consequent  lowering  of  water  has 
exposed  the  action  of  the  feeder,  which,  with  all  pressure  reniovwl 
from  alMjve.  becomes  practically  an  artesian  well.  Measurements 
by  Mr.  Willard  Johnson  during  one  of  these  (xTimls  gives  the  dis- 
cliarge  of  the  feeder  at  !>0<>  gallons  per  minute. 

At  the  Kicliler  well,  1.5  miles  west  of  (Jarden  (Mty,  a  12-foot  cir- 
cular sheet-iron  casing  was  sunk  to  a  de|jth  of  ItJ  feet,  and  from 
tite  bott(un  of  this  four  perforated  fi'eders,  thit?e  (i-inch  and  one  1'2- 
inch,  were  sunk  to  a  depth  of  11  feet.  Jleasurements  of  the  water 
level  wen>  taken  during  a  pumping  test  of  an  hour  ami  forty-five 
minutes  on  .'^e)>tend>er  3.  11104.  At  10  o'clock  a.  m.  the  water  level 
was  ft.'2  feet  below  the  top  of  the  casing.  This  level  is  counted  the 
normal.     The  measurements  are  as  follow.s. 
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Change*  hi  the  tnilcr  IrrrI  in  thr  Richtrr  well  riiiriiig  pumping. 
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Timo. 

Depth. 

Time. 

Depth. 

Time. 

Depth.j 

TIma. 

Dqrtb. 

Knt. 

Fcrf. 

1 
Feel. 

FeH. 

Ill.nOtt.  m 

9.i 

la.OTa.m 

13.2 

10.14  a.  m 

14.2 

lO.aSa.  m 

14,4 

1(1111  O.  Ill 

10 

liWJSa.  m 

13.5 

Kl.lSu.  m 

10.;X)a.  m 

14.4 

lii.i«ii.  fii 

10.  B 

lU.ilBa.  m 

IH,: 

lll.lOa.  m 

lU.lfia.  m. 

14.4 

1(1  III  a.  la 

11.7 

lIKlUa.  Ill 

13,  N 

KIITu.m 

ll.iiia.m 

14.4 

lOlMa.iii 

12,* 

HI  11  a.  m 

13.11 

nUSa.m 

ll.ir.B.  m 

14.4 

Kl.ifi  ii.m_. 

12.  H 

lll.l^a.m 

U 

H).U"a.  m 

11  MlB.Ul 

14.4 

lO.IKJa.ia 

13 

111.  13  a.  m 

U.l 

lO.Wa.in 

14.4  j 

11.4Aa.iii 

14.4 

This  ui'Il  i.-  w|ui]>jM'il  wild  Ifl-horsopovrer  gasoline  engine  iind  a 
j)itli's>  pniit])  of  sO((  irsilloiis  cimacity  [ht  inimitf.  f)n-injr  tti  general 
disorder  <if  the  I'ligiiH'  and  l<i  tlu'  n»ttin<r  away  uf  l!ic  wondi'ii  casing 
siirroiiiidin;.^  llie  |)iini|),  llie  fflicifiiry  nf  llu'  plaiU  was  low,  only  405 
galiciiis  per  niiautc  iicin^''  ])iiitij)fd  diirinjr  this  lost.  Kt'liuliK-  autlior- 
ity  status  that  after  an  uightdioiir  test  uf  lliis  well,  during  which  time 
800  gallon.s  per  minute  was  ptinipwl,  lO.ti  feet  below  tlie  .surface  was 
tiie  greatest  deplli  to  which  the  water  was  lowered. 

In  the  test^  (if  the  Kiehter  well  ihe  iiiiifnrniity  of  the  results 
obtained  is  due  l<i  the  eontinued  piun|Hng.  This  well  is  one  uf  the 
oldest  in  the  valley,  and  from  long  and  eoulinued  ii.se  the  wati'r,  its 
head  varying  with  tJie  amount  of  water  pumped,  has.  in  following  llie 
lines  of  least  resistaiiee,  opened  up  new  ehannels  that  have  in  time 
been  drained  of  the  tiner  material  and  the  veliH'ity  of  the  How  has 
greatly  ineri'a.M'il.  A  comparist)ri  of  the  test  of  the  Kichler  well  and 
the  following  tests  taken  at  King  Brothers  well,  S  miles  northwest 
of  (iarden  City,  August  ;50.  li)04,  .shows  a  decided  difference  in  the 
vehx'ities  with  which  the  water  enters  the  wells. 

Tlie  following  notes  were  taken  at  the  first  pumping  of  the  King 
Brothers  well : 

A  4-ineh  centrifugal  ])iim|>  was  set  at  the  water  level,  40  feet  below 
the  surface  of  the  ground.  The  arraugemeiit  of  idlers  and  the  shaft 
bearing  would  not  allow  continuous  ])iim|>ing  without  t<M)  great  a 
heating  of  the  [)arts;  and  the  measurements,  therefore,  are  not  s^i  sat- 
isfactory as  it  is  jjroljaltU'  later  ones  will  lx^  The  measurements  fol- 
lowing were  taken  in  two  wells — the  main  well,  which  was  iU  feet 
deep  and  from  whicli  the  water  was  punijied.  and  the  test  well,  87 
feet  deep  and  placed  2')  feet  south.  A  distance  from  the  siirfai*  of 
42.2  feet  was  taken  as  the  normal  level.  The  first  test  began  at 
11.05  a.  m. 
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Changes  In  the  water  level  in  the  Kiiiu  Brollicru  tcell  during  firat  pumping  test. 


Time. 

Depth 
in  mHin 

well. 

Depth  < 
in  test 
well.     ' 

Time. 

Depth 

in  main 

well. 

Depth 
in  tent 
well. 

H.flfin.  m 

Feel. 
43.8 
49.2 
58.7 
59.8 
59.8 
80 

m 

Feel. 
48.8 
U.t 

43.1 
43.5 
44.8 
44.  B 

44.9 

11.12  A.  m 

fVel. 

«n 

89 

48.8 

45.6 

48.8 

48 

Feel. 
45 

11  (Mr.  m    

11  13a.  m"         

45 

11 1)7  ».  m 

II.Ub.  m 

44.6 

ll.lHft  m    .-       -...„ . 

11.18a.  m          

44.4 

11.(19  n.  in »..i 

11 .20  a.  m 

44 

11. Ill  B.  m 

U.25a  m 

44 

U.ll  a.  m 

. 

0  Pnmptne  CMMod. 

The  second  test  began  at  2.15  p.  m.  The  water  in  the  well  had  not 
at  tills  tiine  i-eac'hed  its  piwious  height,  and  the  water  level  was  43 
feet  hi'luw  the  .surface.  The  following  table  shows  the  results  uf 
pmiiiiiiig: 

ChangcH  in  the  irairr  Icrel  in  the  King  Brothert  well  during  second  pumping  teat. 


I 


Tims. 

Depth 

well. 

Depth 

iat<«t 
weU. 

Time. 

w*U. 

0«ptii~ 
in  fart 
well. 

2.15  am 

Feel. 
43 
52.5 
68 

57.8 

58.5 

5tl 

58.  H 

58.8 

58.8 

58.8 

58.8 

S8.6 

Ferl. 
43 
48 
43.4 
4.3.7 
4.S.9 
4;i.ll 
4.1.11 
43.9 
4:1 « 
43.0 
43.9 
48.* 

2.87  a.  m 

net. 

88.8 

SB.S 

80 

80 

80 

80 

HO 

88.7 

89.7 

69. 7 

69.7 

Ftft. 
tS  9 

8J!Ka.m 

43  9 

2.17  a.m 

2.20  a.  m 

42.9 

2,1hb.  m 

2.30a.  m 

2.31  a.m 

43  9 

S.llln.m 

13.9 

iain.m 

2.32»  m     

43  9 

221  am 

«.<Ha.m 

4;lU 

2.22  a.  m 

2.84a  m       

43  tl 

2.23  a.  in 

2.:i5a.m 

235a.m       

43.9 

2.24  a.  m 

43  9 

2.25  a.  m 

8.87  a.  m.. .............. ...... 

43.0 

2.2Ra.m 

1^ 


During  this  pumping  an  even  discharge  of  ITii  gallons  per  minute 
was  attained,  e.xcept  when  the  water,  under  increased  head,  l>rought 
into  the  feeder  a  (jiiaiitity  of  very  tine  siiml.  There  was  siiUirient 
I)ressure  to  raise  this  to  the  suctiun  pipe,  and  the  discharge  of  the 
pump  when  throwing  a  large  j)ercentage  of  sand  was  niulerially 
diminished.  \t  three  difl'erent  times  during  this  pinnping  this  con- 
dilion  was  noticeable,  but  with  coiihiiiied  puin[iing  it  iK-caiiie  les.s 
pronounced,  and  in  time  this  finer  material  will  be  drawn  off  within 
the  circle  of  iiilbicnce  rleveloped  by  the  well  to  such  uii  extent  that  (he 
water  will  flow  into  the  well  with  a  greater  velocity  and  will  be 
entirely  free  from  the  finer  sand.  In  other  words,  the  efficiency  of 
the.se  feeders  sunk  to  within  a  foot  or  IS  inches  of  the  inipfriueable 
iK'd  of  silt  that  underlies  the  valley  increases  rather  than  diminishes 
with  u.se.  This  iK'd  of  river  silt  being  uneven,  in  a  gi-eat  numl>er  of 
ca.si'S  the  feeders  in  the  plants  in  o|>eriition  have  not  reached  its  di'pth. 
It  has  been  found  that  the  supply  of  water  in  feeders  that  do  not 
reach  this  depth  is  nnich  less  than  in  those  that  do,  and  that  the  in- 
crease in  water  sup[)ly  with  increased  depth  of  feeders  is  far  greater 
proportionately  tiuui  the  increase  in  depth. 
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WINDMILL  IRRIGATION  NEAR  GARDEN  CITY. 


Thirty-one  windmill  plants  were  visited  »  and  measurements  taken 
of  the  size  <»f  mills,  reservoirs.  Imul  irrigated,  uiid  water  :ij»[)!i(Ml.  As 
it  is  not  p(>s>il)le  to  determine  the  duty  of  a  mill  dirccily  from  an 
tibst^rvatioii  of  the  amount  pumped  without  in  some  way  lueiisuring 
the  velocity  of  tlie  wind,  tin'  method  of  fjettinjr  at  lh<'  duty  of  ii  mill 
and  the  duty  of  an  iiere-foot  of  water  was  to  qui'stiou  the  irri<j;att)r  as 
to  the  time  required  to  fill  the  reservior  iu  a  jrood  wind,  the  average 
niimher  of  times  per  week  that  the  reservoir  is  filled  throu^rh  the  sea- 
s<m,  and  the  numher  of  n'si-rvoirs  of  water  usually  aitplied  to  any 
specified  piece  fif  land.  There  are  several  serious  elements  of  error  in 
this  sort  of  data.  The  lime  for  one  fillin<f  was  in  most  eases  given 
in  days  or  lialf  days.  Tiie  depth  drawn  otf  from  a  reservoir  was  in 
nearly  every  case  iTported  greater  than  the  total  vertical  distance 
In'twi'cu  the  hottom  of  the  outlet  and  the  top  of  the  hank.  Notwith- 
standing these  sourees  of  error,  it  is  Ixdieved  that  liie  data  as  eol- 
leeted  show  ajipro.vitnately  enough  for  practical  use  by  those  eontem- 
jilating  windmill  irrigation  wlial  one  can  reasoiiahly  expect  to  do 
with  a  mill  of  a  given  sizu  with  moderate  lift.  The  data  oii  the  duty 
of  water  are  helievetl  to  Ik*  a  reliahle  average  for  single  irrig;itions. 
The  nuniU'r  of  applii'ations  varies  greatly  with  tlie  season. 

Nearly  all  of  tlie  piuups  nst^-d  are  of  the  design  known  as  the 
"Stone"  piunp.  made  iu  (iarden.  This  is  a  piston  pump  made  in 
large  sizes,  from  f>  to  12  inches  iu  diameter,  and  is  used  with  a  stroke 
of  (i  to  1'2  inches.  It  is  customary  to  use  a  j)nmp  the  size  of  which  in 
inches  is  2  le.ss  than  the  diameter  of  the  windmill  in  feet — that  is.  a 
()-inch  |>nmp  is  used  witli  an  !S-f»K)t  mill,  et<'.  In  most  ease's  the  stroke 
of  the  mill  is  adjusted  to  10  or  12  inches.  As  it  is  not  possible  to  make 
a  study  of  the  ellieieuey  of  these  j>unips  without  discnuuecting  them 
from  the  mills,  in  this  report  ordy  the  diameter  of  thi'  mills  is  consid- 
ered, disregarding  the  leakage  and  etttcieucy  of  the  vitriotis  pum[)S. 

In  giving  the  duty  of  wiuduiills  of  various  sizes  liie  luimher  of  acre- 
feet  per  day  pumped  hy  each  mill  in  a  "gooil  wind  "  is  given  and  also 
the  numl>er  of  acre-feet  in  a  season  (twenty  weeks),  which  is  esti- 
mated from  statements  made  hy  irrigators  as  to  the  average  amount 
pumped.  In  many  cases  mills  of  two  sizes  were  uwd  to  pump  water 
into  a  singh^  reservoir.  In  such  cases  the  amount  pumpe(l  hy  each 
mill  is  assumed  (o  he  in  ])rnportiou  to  the  surface  exposed  hy  each 
wheel  to  the  wind.  The  data  regarding  the  'M  wimlmills  ohM-rved 
are  condensed  iu  the  lahle  following. 
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Avcrai/c  iliily  uf  iriinlniillii. 


LUt. 

Amoant 
pmuiM'd 
per  doy . 

Amoant 
immpi.-<l  Id 
*'asun  (at 

We«'k»*  1 . 

An>«  ir- 
ri^ted. 

Six  Moot  mills 

Fret.  ;  Aen-/tt1. 
18              (LOR 

Acn-ftel. 

2* 

11.7 

Aerr*. 

Eleven  lc>-ffiol  mills 

U 
U 
U 

.17 

.tl 

1.10 

1  1 

TliiHwn  12-li.iit  mills , 

6.T 

Ono  2&-fiiut  uiUl 

H 

,J 

It  is  evident  that  the  surfnce  exposed  by  a  windmill  to  the  wind 
varies  as  the  stinnri'  ()f  the  dianieter  mid  it  is  reasonulile  to  expect  that 
the  annmiit  (if  work  dune  will  vary  in  the  same  ratio.  The  al>ov« 
table  shows,  however,  that  tluM-e  is  a  very  marked  increase  in  thofl 
amount  of  work  done  liy  the  htrger  mills.  For  instance,  an  S-font 
mill  raises  -KA  aere-feet  in  a  seiison,  s<i  that  one  would  exjH>et  to  lind 
that  a  l;i-fool  mill  would  raise  y/4  time.s  3.4,  or  7.<i  acre-feet,  but  as  a'fl 
inalter  of  fact  ihe  i'J-foot  mills  avcrafred  11.7. 

'I"he  urea   irrifi;ated  hy  a  sing:le  mill  does  not  seem  to  bear  any 
detinite  ratio  to  the  amount  pumped  in  a  season.     This  is  due  to  tlio^f 
fact  that  many  of  tiie  plants  covering  small  areas  are  .shut  down  a 
good  part  of  the  season,  whii-h  is  not  taken  account  of  in  the  esti- 
mates of  tlie  amount  punrped  in  u  season. 

It  is  prohnlih"  that  all  tif  the  mills  falliiiir  below  the  average  given 
above  do  so  hceause  of  leakage  or  lack  of  care  or  poor  exposure  to 
the  wind.  The  following  table  is  made  by  throwing  out  all  mills 
which  fall  below  the  average,  and  is  probably  a  letter  measure  of  the 
duty  of  mills  than  the  tabic  gi\eii  above; 


Duty  uf  icimliiiilln  inintitliiij  mure  titan  the  avcrai/e. 


Three  K-foit  millw 
Four  WfiK.t  mills. 
Eight  12-fe)ot  miili 


Lift, 


AmoDDt 


Amount 
pnm';:^'    pumped  in 


I 


f)ett.     Acrt-fttt.    Acn-lttt. 
18  0.00  ,  4 

U  .»  I1.& 

U  .3*  14.4 

I , J 


V 


In  order  to  determine  the  number  of  acres  which  can  1>e  irrigated 
by  an  average  wimhuill  plant   it   is  necessary  to  ascertain  first  the 
duty  of  water.     This  was  found   to  vary  much  in  ditferont  ca.ses.  ■ 
The  depth  !i)i|died  at  a  single  irrigation  on  SO  acres  of  fruit  trees 
averap^d  0.ii;i  foot;  on   17  acres  of  beets,  0.4!<  foot;  on  20  acres  of      i 
sweet  potatoes,  0.'2i!  foot:  and  on  44  acres  of  garden  vegetables,  0.2S)  ■ 
fmit.     The   average   single    irrigation   on    iiU    crops    is   0.27    foot    in 
depth.     The  number  of  irrigations  is  variously  reported  as  from  2 
to  7.     It  is  not  possible,  however,  to  estimate  closely  from  such  data 
what  the  <luty  of  water  would  be  in  a  ilry  year,  as  tlu>  rainfall  in 
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^^  we 


lilO-t  wiis  quitf  .siilticieiit  fur  sunn-  itojis  (such  as  aifiilfa)  uikI  nciirly 
sufficient  for  all.  It  is  prnlinhle  tiuit  n  dvplh  of  1..")  feet  would  1m? 
suflieifut  iu  any  exci-pt  cxtrcuicly  dry  years.  Usiiijj  tliis  as  a  Im.sis, 
it  is  fiiif  to  say  tliat  an  S-fool  mill  should  irrigate  "i..")  acres,  a  10-foot 
mill  iifjirly  .s  acre.s,  and  a  l-J-fon(  mill  nearly  10  acres,  the  s«'ason 
lieinji  (■(insiderod  as  twenty  weeks.  The  hejiviest  winds  durinp:  the 
irrigating  season  are  in  May  and  June.  During  July  and  .Viigust 
many  jdants  do  very  little  work  for  day.s  at  a  time,  so  that  the  luun- 
Ix'r  of  acres  which  can  he  irrigated,  if  dependent  on  the  duty  of  a 
mill  during  Jidy  and  August,  may  he  somewliat  less.  Tiie  actual 
numher  of  a<'res  irrigated  is  far  smaller  than  the  ahove  estimates, 
lieing  1^.1  for  an  S-foot  mill.  ^.1  for  n  lO-frnrt  mill,  and  T).!  for  a  1-i- 
foot  mill. 

COST  OF  WINBBIILL  PLANTS. 

The  first  <'nst  of  putting  hind  imdei'  water  liy  a  windmill  plant 
is  much  less  today  than  it  has  heeii  hei-etofore,  on  account  i<{  the 
strong  competition  helween  various  manufacturers  and  the  liiwer 
cost  of  trausjxirtation.  For  tliis  reason  the  cost  of  plants  as  reporteil 
by  the  ownei-s  is  imieh  greater  than  (lie  present  cost  in  many  cases. 

The  cost  of  a  complete  [ilant  ])nt  up  near  fiardi'u  City  is  ahout  as 
follows,  the  cost  including  mill,  tower,  ])umi>,  and  well : 

J2  foot ?135 

lO-foot too 

8-foot 75 

The  cost  of  a  numher  of  plants  observed  was: 

12-foot ?150 

10-foot 120 

8-foot 90 

The  ahove  estimates  do  not  incluile  the  cost  of  reservoirs.  The 
average  cost  of  a  large  number  was  given  as  aimut  $('iO.  which  includes 
in  most  cases  the  cost  of  lining  the  banks  with  sod  nr  puddling  the 
sides  and  bottom  with  cattle.  In  many  reservoirs  Ihi'  li'aiiage  is  so 
great  that  (he  efficiency  of  the  plant  is  seriously  reduced.  A  loss  of 
'2  to  t'l  inches  per  day  is  not  uncommon.  Proper  constniclion  and,  if 
necessary,  the  use  of  clay  as  a  puddle  should  reduce  leakage  to  not 
more  than,  say.  1  inch  per  day,  which  is  more  than  the  loss  from  many 
plants. 

The  cost  per  acre  irrigated  ranges  from  about  $'20  to  $7.i  or  $80. 
The  higher  cost  is  found  in  jdants  irrigating  much  less  (ban  their 
capacity.  For  instance,  a  two-mill  plant,  <'os(ing  $'jiSO.  is  usi-d  on  4 
acres;  of  sweet  (lotalocs,  while  it  shouhl  water  at  least  10  acres. 

The  following  data  regarding  other  windmills  near  Garden  City 
were  collected  by  Mr.  Collins. 
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WiiulmiU  phitit*  uvfir  Garilen  City,  Kon». 


No, 


Owner. 


Robert  Joiuon. 
Bam  Austin 


Fmnic  PeniDKton. 

J.I.Piorci' 

EaPyle 

Slipp  Nurrifl 

B.t.8t«lc» 

O.  VPalaom 


J.C.Klt<-heD 

N.F.  Wi»ka 

EdPylo  

R.  L.  Mi'Conahey . 

I  EiiPyK. 

■  R.L.BriHlet 

J.Biindurant 

W.  B  (*<Hirge 

W.J.arein 

G.W.  Worden 

I  li.D.LatJirop 

N.C.Jonos 

H.8.B<iswiJrtli.... 

(i.  A.  Penruoson 

R.P.  HoovL-r 

WRHcpkins.. 

WO.  Curler.... 

P.  M.  BowHur 


W.  A.Pk-rco 

Frank  MrCuno  - . . 

W.E.Truell 

W.J.t'overt 

Will  H.ihno* 

John  C'iMi))or 

Mrt*  Kdwards 

Mr.**.  Bujrd 

Jiiv  Brown 

()  NV.Fiu.h 

Z«1)U  RulK-rtB 

N.  JonH'iii 

Dan  Tfliher 

MrH.  CuUthan 

t'mirt-h(tiipe 

W.R.Pct-mon  ... 

L.V.Smilli 

..  .do 

W.W.Prrin 

Will  Rowlon 

I  W.M.  Robinson  .. 

.1  Wiirtliinu 

I  J. Zimmerman  ... 

8  P.Boy.r 

Geo.  Inffo 

FredPylo | 

G.D.Oonld 

,  A.E.Hi<arnt 

I  WD. Evans 

O.8.  Bfiyd 

J.Gorloch 

I  G.S.Boyd 

M.  Griggs 

I  G.  Miles 

Dr.  Love 

B.  Slmiuondii 

E\V.  Hamilton.. 

C.L.iJrolT 

W.  B.  Nolen 

J. 8.  Covert 


Fret. 
» 
\0 
U 
8 
12 
K 
12 
« 
10 
12 
10 
13 
8 
8 
8 
8 
8 
10 
8 
« 
8 
10 
10 

10 

6 

8 
10 
8 
6 

8 
10 
8 
8 


«M    John  Bitker. 


C        Q 


In. 

6 

8 

8 

4 
10 

6 

8 

6 

8 
10 

8 

8 

6 

< 

4 

6 

4 

6 

« 

0 

5 

4 

5 

1.3 

4 

8 

e 

8 
4 
4 
4 

8 
6 

4 
8 

e 

6 
6 
8 
4 

a 

4 

8 

8 

4 

8 
4 
S 

a 

4 
4 


I 


8 

A 

8 

4 

8 

4 

B 

4 

10 

8 

8 

fl 

10 

4 

B 

4 

8 

4 

8 

8 

12 

8 

12 

8 

10 

10 

12 

H 

H 

8 

8 

4 

8 

4 

10 

4 

10 

H 

12 

10 

10 

n 

8 

8 

H 

8 

8 

8 

Frrt. 
11 
18 
18 
1» 
11 
« 

10.  A 
12 
10 
10 
13 
IS 
U 
10 

II 
III 
II 
1(1 

10 
10 

u 
u 


Feet. 


SO 

as 

'    80 
£1 

ai 

22 

S8 

u 
11 

IB 

ii 

IB 

21 

iu 
ai 
ao 

14 


10 
» 
4 

10 
10 

'H.5 
8.5 
8.S 
8.6 
8.6 
7.5 


8.5 

8 

8.5 

8 

9.5 

9 

9.5 
II 
10 

8.5 

8.5 

8.8 

8.6  > 

8.5  I 
10 
18 
11 

12.8 
11 
11 
10 
12 
10 
10 
10 
10 
10 
10.5 

9 

« 

8.5 
II 
11 
11 

9.2 
11 
10 
U 
10 


85 

SO 
IT 

18 


ai 

18 


u 

18 
9 
10 
18 
18 
U 


H 


I  Feel. 

in 

M 

m 

33 
29 
W.n 

ie 
m 

42 

» 
au 

21 

ao 

22 

29 

ai 
ao 
an 

81 

2r> 
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VAiUE  OF  CHOPS  IRRIGATED. 


AlfdJfn. — The  popular  impression  tliat  alfiilfa  yields  from  5  to  8 

,  tons  per  aero  is  iMitirdy  errDiiPinis,  for  the  usual  tonnatrL'  docs  not  run 

hIkivc  4  tons.     Tlirt'C  tons  is  a  fair  avt-rage.     The  huy  i)rin<j:s  from  $4 

to  $<■'  \)yv  Ion.  making  a  rctni-n  of  $12  to  $24  per  acre.     Doiluoting 

%\M)  per  ton  for  labor,  tin-  pmtit  on  1  acre  is  iR7..')0  to  $1S. 

lii-tix. — Sugar  ht'cls  yifld  on  tfic  :iv<'ragi'  in  the  Arkansas  Valley 
about  IH  tons  per  acre.  The  averajfe  tonnage  of  fiehls  wi-ll  cared 
for  is  much  liigficr,  riuuiing  n(i  to  is  and  even  '_'.")  tons.  The  lieets 
raised  under  windmills  are  all  well  tended  and  bring  $(i  per  ton  to 
the  grttwer  ($1  Ixmnty  from  the  State  of  Kansas),  or  from  $00  to 
$1-20  per  acre.  Deducting  %'^^^  per  a«'re  for  all  hdior,  a  profit  <»f  $55 
to  $s;>  is  left  (cost  of  hauling  not  considered). 

Fruit. — Ajiples,  plums,  and  cherries  do  well  in  the  vicinity  of  Gar- 
den City,  while  peaches,  apricots,  and  pears  are  less  in  favor,  altliough 
some  very  Jiue  peaches  were  seen  in  i;>0-t,  and  several  young  orciiards 
have  been  recently  put  in.  Cherries  are  a  sure  crop,  and  ni  11104 
yielded  as  high  as  200  bushels  to  the  acre,  worth  $2  to  >;:?  [ler  Imshel. 

Sif(t(  jiiitutotti. — Tins  crop  does  e.Kceptionuliy  well  around  (Jarden 
City,  the  average  yield  Ixdiig  report e<l  us  100  to  300  bushels  per  ttci'e. 
The  price  varies  from  $l.riO  [ter  bushel  early  in  the  si'asoii  to  as  low 
us  r)0  cents.  The  average  is  given  as  $1.  The  cost  of  the  phints  and 
the  lalwr  of  setting  them  out  is  $20  to  $;10,  making  the  return  from  1 
acre  about  $ir>0  to  $200. 

One  4-acre  piece  in  sweet  {xitatoes  was  seen  that  was  being  worked 
on  shares,  the  owner  to  furnisli  the  land,  water,  seed,  and  half  the 
cost  of  planting,  and  to  receive  half  the  crop  an<I  half  of  any  surplus 
plants  started  in  the  hotbed.     His  investment  was  as  follows: 

tLinu!.  at  ijiUO $240 

I'laiit  for  irriKiitlim 282 

Seed 28 

H:i1f  i.liintlug 21 
e 


Total .'■.71 

ieturns  f nmi  one  crop : 

Hiilf  .".(i.OOO  idaiits.  nt  $2  per  1.000 $!50 


Half  NNi  tnisliels.  iit  75  ceuts. 
Toliil 


300 


350 


Onions. — The  yield  per  acre  of  onions  was  given  as  500  to  1,000 
bushels,  which  sell  at  2  to  .3  cents  per  pound,  returning  the  generous 
snni  of  $oOO  to  $1,.W0  jjer  acre.     The  cost  of  seeding  and  thiiming  is 
5jl5  per  acre.     Others  give  the  return  as  $300  to  $500  per  acre. 
30620— No.  158—05 38 
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Berries. — A  patch  of  raspberries  measuring  0.25  acre  yielded  $78. 
or  at  the  rate  of  $312  per  acre. 

Cabbage. — The  vahie  of  an  acre  of  cabbage  is  given  as  $200. 

Other  garden  rropn. — The  return  from  mixed  garden  crops  is  vari- 
ously estimated  at  $200  to  $500  per  acre.  A  measured  one-third  acre 
in  asparagus,  onions,  and  pie  plant  produced  in  one  season  $11)0,  or 
at  tlie  rate  of  $570  per  acre. 

The  value  of  various  crops  raised  by  windmill  irrigation  may  Jje 
summarized  as  follows: 

Value  of  crops  per  acre. 

Alfalfa   fl2-?!20 

Alfalfa  seed 17-50 

Sugar  beets {10-120 

Sweet  iwtatoes 100-300 

Onions .300-500 

Cabbage   150-250 

Garden  crops  generally 200-500 


ri'MPING  PLANTS  IN  n)l/)R.\[H).  XRBRASKA.  AND  KANSAS. 

By  u.  V.  r.  Stout, 

I'rofrggor  of  Civil  Eniiiiin'riuii,  I  iiiiirititp  of  Srhruaku.  iiitil  Irriuntinn  F.iifjinrrr 

of  llic  J^j-iiffiiiniit  Stuli'iii. 

COLORADO. 


* 


WTLLIAM  KETTLEY,  GREELEY. 

Mr.  Kettley  1ms  n  ijimipiiig  plant  (5  miles  west  of  Greeley.     The 

well  is  kiciiteil  ill  it  (Iniw  imiiii'diiitcly  hflow  n  n'scrvnir.  It  is  10 
feet  k\w\),  rectiiiigiilar,  \-J  \\y  KJ  fi-et.  and  is  ciii-bed  with  2  liy  fS  inch 
plonk,  pliteed  vertically.  The  water  oceiirs  in  «]iiicksands.  ami 
stands  4  feet  fmni  the  tup  i>f  the  curb.  Onedialf  day's  run  of  ilie 
pump  at  fidl  speed  emi^lips  the  well.  The  well  cost  $i!U(>.  inchidina; 
the  work  of  the  owner. 

The  pump  is  ii  Xo.  li  \'i'rtical  n'ntrifii<;iil.  with  iVinch  disclmrue 
l)il)e  and  nti  suction  pii«'.  Tlie  pumj)  is  s<-t  im  ii  timber  frame  in  the 
bottom  of  the  well.  The  lift  is  11  feet  and  the  dischnrf!;e  (iO  gallons 
per  minute.  The  ])utnp  is  operated  by  a  ."i-hoi'sepowcr  vertical- 
cylinder  gasoline  engine,  which  is  st-t  on  a  timlx'r  frame.  (Jasolino 
costs  20  cents  jx'r  gallon,  or  about  $1  per  day  Avhen  the  pump  is  in 
use.  The  entire  cost  of  the  engiiu'  ami  pump  f.  o.  li.  Denver  was 
$58fi.  The  water  from  this  |)lant  is  used  on  70  acres,  wljich  also 
receives  water  from  a  resi^rvoir.  The  [ilant  was  not  used  in  IIHH, 
as  the  engine  was  imt  of  order,  due  to  freezing.  The  engine  was  not 
housed,  which  prohalily  accounts  for  its  p(M)r  condition. 

O.  HOWASD  ANB  F.   W.   STEELE,  GREELEY. 


This  plant   is  hicated   1   mile 
50  vard.s  from  the  center  of  ih 


east   of  tin'eley.     The  well   is  about 
•  slt^ugll.     It  is  i-ectangulai',  alnait   10 


by  12  feet;  eurlx'd  with  -2  by  S.  10  and  12  inch  plank,  placed  verti- 
cally; aliout  12  feet  deep.  The  water  iH-i-urs  in  coarse  gravel  at  a 
deplh  of  5  feet.  Water  is  run  into  the  wells  tlirough  a  tut  from 
the  shaigh  and  stands  at  the  top  of  the  well  when  ihe  |)uinp  is  not  in 
operation.  The  jminp  empties  the  well  in  MO  to  (10  minutes,  and  the 
(I'eneh  connecting  the  well  and  the  draw  is  to  be  eidai'ged  ami 
deepened  in  the  hope  of  increasing  the  water  supply.  The  well  cost 
^.'lO  to  $CiO.  including  the  work  of  tin-  owner. 

The  piun|j  i^  a  Xo.  -1  verti<-al  centrifugal,  with  no  suction  pijH?,  ami 
5-inch  discharge  ])i[)e  13  feet  long.     The  pump  is  set  on  n  tiniVn'r 
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frame  ami  is  cminected  to  tla>  erio:iiR'  liy  Ih'Ii.  The  lift  is  5.5  to  13 
feet.  At  a  hpceti  uf  4r).">  revolulious  jwr  iiiiiuite  llie  pump  was  flis- 
ciiarging  075  gjillons  per  miiuite.  The  jiiinip  cost  $80  and  the  pijje 
Mini  (•(iiiiiectiuns  $i!.->.  The  pump  is  ojjeruteiJ  by  an  8-linrsepower 
liori/.tnitul-cvliuder  gasoline  engine.  It  is  inclosed  in  a  sinnll  frame 
house.  The  cost  of  the  engine  was  $4()0.  Gasoline  cost  21  cents  per 
gallon. 

This  plant  is  tu  supply  water  to  (iU  aeres;  40  acres  were  in  erop  in 
l'r)04 — 15  acres  of  sweet  corn,  7  acres  of  watennelon  and  cantalou]>e.  1 
acre  of  sf|uash  and  pimipkin,  and  the  remainder  in  ojits  and  millet. 
^\^len  visited  in  ISIOJ.  the  plant  had  heeji  in  oin'i-ation  hut  two  da^^s,  so 
that  jt  had  not  l>een  thorougldy  tested.  The  total  cost  for  well.  pump. 
and  engine  was  $0l*0,  or  $10.20  per  acre  for  the  (10  acres  to  Ik-  watered. 
The  owner  estimates  Unit  the  Vidue  of  his  land  has  Ijeen  increased 
from  $1,000  to  $'2,000  by  the  [uilling  in  of  this  plant  and  that  the 
land  will  ultinuitely  increase  in  value  to  $.^.000. 

FRED  BTTEBACH,  GREELEY. 

Mr.  Duebftch's  well  is  in  the  be<l  of  a  draw,  and  a  small  ditch  carries 
sei'page  water  into  the  well.  The  well  is  (>  by  4  fi'cl.  curlK'd  with 
2-inch  phuik  placed  horizontally.  The  well  is  but  4  feet  di-ep,  and 
the  water  occurs  in  fine  gravel  at  a  depth  of  1.5  feet.  The  putting 
down  of  Ihe  well  tvipiired  no  expenditure  of  money  and  but  little 
labor.  The  pum[)  is  a  Xo.  2A  horizoulal  centrifugal,  with  d  feet  of 
3.5-inch  suction  pipe  and  G  feet  of  3-inch  discharge  p^>e.  The  pimip 
is  s<4  on  a  timU'r  frame  directly  over  the  well.  The  average  observe<l 
lift  was  S  feet,  and  at  a  sjkmmI  (»f  '>-2'.i  revolutions  per  minute  the  pump 
discharged  270  gallons  per  luiinite. 

The  engine  is  a  4.5-horsepower  ga.soline.  with  hori?,ontnl  cylinder. 
set  on  a  concrete  foundali<ni.  Five  gallons  of  gasoline  will  run  the 
engine  ten  to  twelve  hours.  The  entire  plant  cost  $425  and  supplies 
water  for  7  acres  iti  IriH'k.  making  a  cost  of  $00.70  per  acre.  As  the 
plant  was  inslallcd  in  .Inly.  I!i(i4,  the  financial  success  of  its  installa- 
tion had  not  been  tested  at  the  time  it  was  visited. 


J.  0.  VAN  AKEN,  EVANS. 

This  j)lant  is  0.5  mile  from  Evans.  The  well  is  about  150  yards 
below  (he  lower  Latham  ditch  and  between  the  ditch  and  the  river, 
in  a  slough.  It  is  10.5  feet  in  diameter.  i>  feet  deep,  and  is  curbed 
with  2  by  4  inch  tindiers,  jilaccd  vertically.  The  water  occurs  in 
coarse  and  fine  gravel,  mi.xed,  about  4  feet  from  the  surface.  Two 
and  one-half  feet  of  24-inch  sewer  ])ipe  has  Ik-cu  phued  in  the  bottom 
of  the  well,  and  it  is  [)ro[iosed  to  niake  the  well  1  fii()t  dee|H>r  and  put 
down  three  (i-inch  points  to  a  deptli  of  about  8  feet.     The  curb  was 
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sunk  i>_v  \vi'i<;htiii<j:  witli  sacks  of  saml  :unl  diggings  otit  insiilo.  The 
cost  of  tlic  wcl!  was  iilxiiit  $()0. 

^^'aliT  is  liftftl  about  10  feet  by  a  X(».  4  horiicontal  centrifugal 
,  {juiii[),  wilii  sui'tittn  of  fl-inrli  (lipc  tO  foet  long  .and  a  discharge  pipe 
8  inctics  ill  dianu'ler  ;viid  -Vl  feet  long.  .Vt  a  speed  of  .'(•JO  revohilioas 
per  minute  tlie  pump  discharged  .ifiS  galIon.s  per  minute.  The  pump 
is  set  on  a  timber  frame  across  the  to])  of  the  well  and  is  ludted  to  the 
engine. 

The  pump  is  operated  by  a  10-horsepo\ver  gasoline  engine  set  on  a 
concrete  l>ase.  At  a  sfieed  of  ■jr*,")  i-t'xolutions  per  minute  S  gallons 
of  gasoline  will  run  the  engine  ten  liours;  at  lower  spet-ds  the  con- 
sumi>tion  of  gasoline  is  les.s.  Gasoline  costs  21  cents.  There  is  no 
expense  for  attendance,  as  the  piunp  is  left  niniiing  for  hours  with- 
out any  attention.  Tlie  entire  cost  of  uiachiiie  and  connections  was 
$750.  The  plant  was  installed  in  Jtino.  liH>4.  and  is  to  supply  water 
to  80  acres.    The  cost  per  acre  is  therefore  $9.38. 

L.  A.  FLINT.  EVANS. 

This  plant  is  located  2.5  miles  due  east  of  Evans  on  the  tahlo-land. 
The  well  is  8  feet  in  diameter  and  10  feet  deep,  curl)ed  with  2  h\'  1 
inch  timlR'rs.  placed  verticitUy.  Water  occurs  in  gravel  3  feet  from 
the  surface  and  draws  d<mn  to  within  1  fool  of  the  bottom  of  the  well 
when  lK?ing  pntn|>ed.  Perforated  p»]ies  10  feet  li>ng  have  ht'en  put 
down  in  the  bolloni  of  the  well,  and  it  was  foiuul  that  this  gi-adually 
increased  the  flow. 

The  pump  is  a  No.  4  cenlrifugal.  with  a  suction  pijie  .5  inches  in 
diameter  and  10  feet  long  and  a  discharge  pipe  *>  indies  in  diameter 
and  22  feet  long.     The  avenige  lift  is  atmut  10  feet. 

The  pump  is  (tperaled  by  an  8-horsepo\ver  gasoline  engine  set  on  a 
timljer  frame.  The  entire  cost  of  the  macliincry  at  the  farm  was  $(iOO. 
Gasoline  cost  20  cents  per  gallon  and  $2.25  for  a  run  of  seventeA?n 
hours.  This  |)iim[)sitp[died  water  to  40  acres  in  1001.  hnt  has  not  l)een 
used  since,  as  llie  land  is  n(»w  siip]ilie<l  witli  water  from  the  reservoir, 
making  pumping  unnecessary.  The  machinery  is,  however,  kept  in 
condition  for  use  in  emergencies.  Thi-  cost  of  the  plant  was  $15  per 
acj-e  fur  40  acres  supplied  with  water  in  11)01. 

P.  AND  C.  HCTFSMITH,  £VAKS. 

This  plant  is  located  3.5  miles  cfl.«t  and  1  mile  south  of  Evans.  It 
is  in  a  draw  Iwlow  the  Latham  resi-rvoir,  and  a  cut-off  drain  across 
this  draw  empties  into  the  well.  The  well  is  12  feet  in  diameter  and 
^12  feet  deep  and  is  rurlied  with  2  by  4  inch  timlx'rs,  |)laced  verticalh'. 
Tater  occurs  in  i|«icksand  and  gravel  4  or  5  feet  from  the  surface. 
The  capacity  of  the  well  was  about  5CH)  gallons  per  minute,  but  at 
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(lie  tinio  it  was  visitod  1-inrli  points  were  lipinp  put  into  the  bottom 
of  the  well  to  reticir  .1  <ir  <;  feet  into  the  gravel.  The  curl)  was 
weighted  witli  sand  sjicks  wcifrhinp  '20  to  25  tons  and  lowered  bv  dig- 
ping  inside.  The  well  was  unfinished  when  it  was  visited  anrl  had 
cost  up  to  that  (itue  l)etween  $CiOO  and  $700.  The  fineness  mid  gre:i( 
depth  of  the  quicksand  made  the  sinking  of  this  well  ;iu  unusually 
ditficnlt  iinihlein.  .V  No.  (>  horizontal  eeiitrifngiil  [mnip  was  iis«*d. 
Ihe  suetion  pi|H'  had  a  diameter  of  7  inches  and  a  length  of  14  ft>et. 
The  discharge  pipe  was  'M>  feet  long.  The  pump  is  set  on  a  timber 
franie  iicross  i!ie  to])  of  the  well  and  is  ]>rinied  with  water  kept  in  a 
barrel  aljove  the  pump.  At  a  sjieed  of  52^  revolutions  per  minute  tiie 
pump  discharged  a|tpro.\inuitely  1,000  gallons  per  minute. 

The  [xiinp  is  operated  hv  fi  l.'i-horsepower  horizontal-cvlinder 
gasoline  engine,  set  on  a  concrete  hasi-.  The  entire  cost  of  the  pump 
and  engine  was  about  $850.  The  plant  was  in.stalled  in  1004  and  is 
to  sujjply  water  lo  "JOO  acres;  !>.")  acres  were  heing  watcretl  in  I'MH. 
The  land  is  sandy  and  gravelly  and  is  badly  alfected  with  alkali,  ns  it 
receives  seepage  water  from  the  reservoir  above.  Taking  the  cost 
of  the  well  at  $(■>.">().  the  entire  cost  has  been  $1,500,  ur  $7.50  per  acre 
for  the  I'OO  acres  to  be  served. 

PEKCY  CLEOG,  "WTNDSOK. 

This  well  wns  heing  put  down  in  li'OI  a  mile  north  of  the  bank  of 
(he  hike  at  Windsor  and  on  ground  about  .")  ur  (>  feet  above  the 
lake.  It  was  about  30  by  (10  feet  at  the  surface  of  the  ground.  FMve 
feet  below  the  surface  it  contrai'ts  to  a  curb  about  8  by  SO  feet.  This 
curb  is  ina<le  of  3-inch  tiiHl)er  driven  verlirally  as  sheet  piling.  The 
sheet  piling  is  supported  by  u  frame  of  4  by  (>  inch  material.  .Vt 
the  time  tlie  well  was  visited  i(  bad  rea<'hed  a  de|»(h  of  about  15  feet. 
Tiie  bottom  vviis  in  (piicksnnd.  which  extends  for  some  distan<'e 
farther.  It  was  [irtiposed  to  continue  the  ])iles  into  the  gi-avel  ami 
excaviite  inside  the  curb  down  to  the  gravel,  l')*  to  (hut  time  $800 
had  l«"en  e.\i)ended.  and  the  owner  estiuuiled  that  the  well  woidd  cost 
$1,(KX).  A  No.  5  horizontal  centrifugal  pumj)  hitd  been  purchased, 
but  not  installed. 

N.  E.  GRAY,  WINDSOR. 

This  well  is  on  a  table-land  1.25  miles  wo.st  of  Windsor.  It  is  10 
or  12  feet  in  diameter  and  about  lt»  feet  deep.  It  is  ctirljed  with 
2-inch  ))hinks  driven  vertically.  The  water  occurs  in  gravel.  A 
gallery  or  trench  7  feet  wide  and  about  'M)  feet  long  runs  out  from  the 
well.  This  is  ciirl>ed  in  the  same  manner  as  the  well  itself  and  adds  I 
consideiably  to  the  water  sti|)i)ly.  The  lift  was  13.75  feet  when 
ol>served.  The  j)ump  is  a  N<».  5  vertical  ceiiti'ifugal.  with  5-inch  dis- 
charge about  16  feet  long,  and  is  set  on  a  wooden  frame.     The  esti- , 


Pl'MPlNG    PLANTS    IN    OOLCIRADO,   NEBRASKA,    AND    KANSAS. 


5»y 


niiited  lift  is  1-1  to  1(1  fet't.  aiul  at  a  sjjced  of  420  revolutions  jxr 
iiiiiiule  the  pump  ilischargt's  :{.")()  o^nllons  per  uiiuiile. 

The  puiup  isdriwn  by  ii  [lurtalile  Ki-horsqiowor  horizoutal-cyliiuler 
jrasoline  enjrine.  The  puiti]i  will  ruu  10  hours  on  7  or  !S  jrullons  of 
gasoline,  the  gasoline  costing  'J-I.'i  cents  jht  gallon. 

This  plant  supplies  water  to  HO  acres,  40  acres  being  in  inn'ts  niul 
40  acres  in  alfalfa.  It  was  installed  in  IdOl  and  the  land  received 
no  water  except  that  supjilied  by  the  jnuup  until  1!>04,  when  some 
diteh  water  was  used.  The  oi)eration  of  the  plant  cost  $110  in  I'MV.i, 
or  $1.3S  i)er  acre.  This  is  cheajier  than  ditch  water  an<l  the  water 
is  considered  nearly  as  good,  idlhoiigh  it  has  not  the  fertilizing 
properties  which  the  ditcli  water  lujs,  and  it  is  also  considered  neces- 
sary to  run  the  water  some  distance  in  a  ditch  in  order  to  take  oH'  the 
chill  before  apjilying  it  to  plants. 
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DAKKELL  AND  FUXLEB,  WINDSOB. 

This  well  is  on  a  table-land  four  blocks  south  of  Main  street  in 
AViudsor.  It  is  8  by  10  feet  and  25  fwt  deej).  Water  occurs  in 
sand  and  gnn-el  ut  about  I."i  feet  from  the  surface  It  is  ctirljcd  with 
3-inch  limlH'r,  ihe  fnuno  being  made  of  4  by  i>  inch  timber-.  \\'lien 
iK'ing  pumjied  at  the  rate  of  111  gallons  pev  niimite.  water  stood  <! 
feet  from  the  bottom  of  tlie  well.  The  curb  was  built  on  a  frame  as 
the  excavation  was  currie<l  on,  and  was  lowereil  by  being  weighted 
by  iMJxes  of  sand  and  gravel.     The  vvidl  cost  $425. 

Water  was  raised  by  a  Xo.  4  vertical  i-entrifiigal  ]iump  and  dis- 
charged through  a  .'i-inch  galvanized-iron  pipe  27  feet  long.  The 
lift  varied  from  21  to  27  feet.  With  the  engine  running  at  a  simwI 
of  185  revolutions  per  ininnte  the  pnuij)  discharged  441  gallons. 
The  cost  of  pumj)  and  connections  was  $125. 

The  pump  was  driven  by  an  18-liorse]>ower  horizonlal-cylindcr 
gasolineengine  set  in  concrete.  The  fuel  consumption  was  1.1  gallons 
of  gasoline  per  hour,  gasoline  costing  20  cents  per  gallon.  Oil  cost 
about  $5  for  the  season.     The  engine  cost  ^O.^O. 

Fifty  acres  in  potatoes.  l)eets,  and  fruit  were  supplied  with  water. 
although  this  hind  received  some  ilitc-h  water.  This  plant  was 
established  in  February,  1!K)4,  and  was  ruu  every  day  during  the 
irrigation  season  from  .">  a.  ni.  to  10  |).  m.  The  owner  is  fully  con- 
vinceil  that  Ihe  establishment  of  this  plant  is  a  profitable  investment, 
although  the  returns  for  the  season  were  not  complete  at  the  time 
tlie  plant  was  visileil.  Reservoir  water  can  be  secured  for  this  land 
for  $S0  per  year.  This  gnarante<>s  a  ruu  of  30  inches  for  ten  days. 
The  co.st  of  ptmiping  this  quantity  for  the  same  length  of  time  is 
about  one-half  as  nnti-!). 

The  entire  cost  of  the  well  and  plant  was  $1..J00,  or  $ii0  per  acre 
for  the  50  acres  irrigated. 
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RATHOm>  AND  WrLLIAMS,  WHTDSOK. 

This  |)l!int  is  <»n  llu'  nu'sn.  2  miles  wost  of  A\'iii<ls<ir.     Tho  wt-ll  ii5' 
8  bv  18  fwt  ami  '20  feet  ilwp.     It  is  ciiriji'd  with  JJ-inrli  plank  ilriveii 
vertically.     Wtiter  occiu's  in  coarst>  frravcl. 

Tlif  ptiiiip  is  a  Xt).  4  horizontsil  ceiitrifiijifiil,  with  a  suction  of  15.5 
fi>et.  At  u  spt-'ecl  of  itll  rfv<)hjliuiis  per  iniuute  tho  pump  ilischurgws 
3(>0  gallons  ptr  niinnte. 

The  [)nm|>  is  npi-r-ati'd  liy  ii  l-J-hoi-sopowor  horizo.iital-eylindpr  gjiso- 
line  t'ugini'.  which  uonsiiuR's  10  g-alloiis  of  gasoline  in  ten  hoiir.s. 

This  pump  was  installed  in  .fuly.  ISKU,  and  is  expected  to  supply 
water  to  75  acres.     Aljr>ul  10  acics  were  being  watered  in  1004. 


ANDREW  wrLSON,  EATON. 

This  plant  is  3  miles  east  of  Eaton  and  about  .Ml  yards  from  the 
left  \n\u\i  of  lyonc  Tn'c  Creek.  The  hnltntn  of  (lie  well  is  about  8 
fiH'l  kiwcr  tlnin  the  bed  of  the  stream,  and  a  lateral  ditch  runs  near 
I  he  well.  The  well  Is  12  by  12  feet  square  at  the  toj)  and  about  9  by 
!)  feet  al  the  butlorn  and  1(1  ft'ct  deep.  Il  was  oi'iginally  ciirheil  with 
2-inch  limber  driven  vertically,  but  the  npjjer  [>art  of  this  has  b<H'n 
strengthened  by  a  curb  of  2-inch  biinber  placed  inside  of  the  original 
curb.  Water  is  found  in  coars*-  gnncl  J)  feet  from  the  surface.  This 
water-bearing  gravel  is  15  fi'ct  thick  ti)  bed  rock.  The  ])ii!np  draw.s 
the  water  down  to  the  bottom  of  tl>e  well,  and  it  is  planned  to  put 
feeders  in  the  bottom  which  will  extend  in  bed  rock. 

The  [Jump  is  a  No.  4  vertical  centrifugal,  [ilacetl  at  the  bolU)ui  of 
the  well.  The  water  is  lifted  17  feet  through  4-inch  pipe,  17  feet 
vertical  and  H  feet  horizontal.  At  a  speed  of  .''>4()  revolutions  per 
niinule  the  pump  discharged  (175  galloiw  per  minute.  The  cost  of 
the  pumj)  was  $100  and  the  cost  of  the  pijw  and  connections  $100. 
The  pump  is  driven  by  a  20-horsepovver  sinijde  noncondensing  high- 
speed automatic  steam  engine.  It  was  Ixmght  .secondhand  an<l  cost 
$.S(M)  wlieii  new.  Steam  is  supplied  by  a  35-hor.sepower  horizontal 
return  tubular  boiler.  The  C((st  of  the  boiler  was  $350  and  setting 
$75.  Eaton  coal,  mined  about  2..">  miles  from  the  plant,  is  used.  This 
coal  cost  $2..'>0  per  ton.  and  1  ton  is  useil  in  fourteen  or  fifteen  horns. 
The  ])lant  ref|uires  constant  attendance. 

This  plant  supplies  water  to  alK)ut  !>0  acres.  It  has  been  used 
since  1880  or  1887.  and  the  owner  considers  it  a  profitable  investment. 
The  water  sup|>lied  by  the  pump  is  us»'d  as  a  supplemental  supply, 
but  the  owner  considers  the  well  water  fully  as  gootl  as  the  ditch 
water.  The  total  cost  of  the  plant,  not  including  the  well,  is  $1,425,  or 
$15.N(I  [jcr  acre. 

Mr.  Wilson  has  another  (ilant  3  mih«  east  and  2  mile.s  north  of 
Eaton,  on  the  west  side  of  Lone  Ti*ee  Creek  anil  nwirly  100  feet  from 
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it.  The  well  is  octagonal,  with  a  diiuiietor  of  14  foot,  nn«l  is  "28 
feet  tlecj),  the  bottom  beiiiji  L'5  fwt  lower  thiiii  the  Uul  of  the  crt'ek. 
It  is  fiirlieil  with  -J  by  8  inch  plank,  laid  flat.  Iiorizontally.  rrib  fash- 
ion, with  vertical  2  by  8  inih  plank  on  the  outsttle,  1  inch  a])ai"t,  thus 
leaving  opeiitnfis  1  by  2  inches  all  the  way  down.  \\'ater  occurs  in 
gravel  at  ;i  feet  from  the  surface.  The  well  penetrates  the  gravel 
iTi  feel,  and  bed  rock  is  abont  3  feet  below  the  l>ottoni  of  the  well. 
The  pump  will  ilraw  the  water  down  about  III  feet  when  running  ut 
full  capacity.     The  cost  of  the  well  was  $.S()0. 

The  pump  is  a  No.  (1  vertical  centrifugal,  with  no  suction  pii)e, 
and  a  "inch  discharge  pipe  •JC.  feet  vertii-al  and  3-JO  feet  horizontal. 
The  measured  discharge  of  the  pump  was  1,375  gallons  per  minute. 
The  cost  of  the  ])ump  was  $liir>,  and  the  ]t\\w.  etc.,  $4fKl. 

The  pump  is  driven  by  a  40diorse|K)wer  side-crank  steam  engine. 
The  ste«ni  is  furnislied  by  a  i>0-hoi'sepower  Ixirizonlal  tubular  boiler. 
The  cost  of  the  engine  was  $400,  boiler  !i^00,  and  setting  S^IOO. 
Oil  cost  about  ii<10  per  season. 

This  j)lant  is  to  supply  water  for  400  acres;  .'3'20  acres  was  being 
irrigated  in  1!K)4.  It  was  in.stalled  \u  IS'.fJ  and  has  been  in  nse  evei-y 
sejison  but  two  since  that  time.  The  fuel  used  is  Katon  coal,  which 
costs  $2.r)0  per  ton  at  the  mine,  alumt  •2..'j  uiiles  fmni  the  plant.  The 
plant  requires  constant  attendance.  The  total  cost  is  $2,2'25,  or  $r).,"i4 
per  acre  for  the  400  acres  served.  The  owner  considers  this  plant 
n  profitable  investment. 


O.  J.  BLANBIN,   EATON. 

This  plant  is  3  miles  east  and  2  miles  north  of  Eaton.  The  well  is 
nearly  0.2.')  mile  west  of  Lone  Tree  Creek,  is  0  or  8  feet  in  diameter, 
28.5  feet  deej),  and  is  curbed  with  1  l>y  4  iiich  boards  laiil  flat,  horizon- 
tally, with  1  by  6  inch  pieces  used  in  the  lower  10  feet,  ^\'ater  (xrui's 
in  gravel  at  a  <lepth  of  12  feet.  The  total  thickness  of  tliis  gi-avel 
stratum  is  uiiknmvu.  When  obs^-rxcd  the  water  stood  ^'t  feet  !r'Iow 
the  surface,  while  the  pump  was  running.  A  piece  of  olj  smoke- 
stack was  sutdi  in  the  bottom  of  the  well  to  increase  the  supply. 

A  No.  ^>  vertical  centrifugal  puun>  is  jilaced  at  the  bottnm  of  the 
well,  (he  discharge  pipe  being  (i  in<-hes  in  diameter,  iind  having  a 
vertical  length  of  2t'>  feet  and  horizontal  10  feet.  .Vt  a  speed  of  .5."iO 
revolutions  per  ndmite  the  pump  discharged  470  galhms  per  minute. 
The  cost  of  the  puiaj)  was  $120. 
^H  The  puuip  was  driven  i>y  a  12-horsepower  horizontal-cylinder  gaso- 
^H  line  engine,  set  on  masonry  foimdation,  ami  the  engine  usi's  about  1 
I  gallon  of  gasoline  |>cr  hour,  at  a  cost  of  22  cents  pvr  galloii.  The 
I  engine  cost  ^O'tO  and  the  shed  about  $50.  The  engine  is  visited  about 
^^  once  in  one  or  two  hours.  This  plant  supplies  watei-  to  155  acres. 
^Hf)0  acras  of  which  was  watered  in  1U04.     The  ]ilnnt  was  installed  in 
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li)02  and  has  hwn  used  every  sonson,  and  the  owner  considers  it  a 
protitiililc  iiirestinent.  He  can  irrigate  10  acres  of  potatoes  in  one  day 
of  twelve  h<iin>.  and  clnini!^  that  he  can  irrigate  1  acre  once  for  30 
eentt^.  The  phrnt,  fxchisivo  of  the  well,  cost  $8*20.  or  $5.30  per  acre 
for  the  ioi)  acres  M.Tved. 

I  P.  A.  JONES.  PIEKCE. 

This  plant  is  Dti  a  talile-lapd  aliove  nil  i>f  the  irrigating  ditehes 
and  the  land  then'fitri'  depends  entirely  upon  pumped  water.  The 
well  is  7  ffet  s(piare,  3i>>  fet't  dt-ep.  ami  is  eiiHied  with  1-inch  liunlN?r 
placcMi  verlimlly  down  to  the  water  and  2-ineh  lnml)er  l)olow  tiie 
water,  with  4  l>y  4  inch  framing  ahove  the  water,  and  4  by  f<  inch 
Ix'low  tiie  water.  The  franiiiiii  is  spaced  4..")  feet.  The  water  is 
found  in  coarse  gi-avel  at  a  dejMh  of  3J..")  feet.  The  stratum  is  about 
8  feet  thick  and  rests  on  IkhI  riicU.  The  well  cost  $.")5  for  material 
and  iHi>  f<'r  labor  in  addition  to  that  of  the  owner  and  his  team. 

A  No.  3  centrifugal  puiii))  was  placed  at  the  bottom  of  the  well; 
the  discharge  pipe  is  3.rt  inches  in  diameter  and  has  a  total  length  of 
50  feel.  The  lift  is  4:^  feet,  and  at  a  sfieed  of  8.50  revolutions  jht 
minute  the  pump  discharges  ;i50  gallons  per  minute.  The  j)ump 
and  coiuiectioiis  cost  $103.  .V  I'J-hoi'sepovver  horizontal  thrashing 
engine  is  used.  This  was  bought  secon<)hand  and  cost  new  $('>0().  It 
requires  constant  attentiance.  TJie  fuel  used  w-as  Wyoming  coal, 
which  costs  $4..'>0  per  ton,  and  the  engine  used  l.'JOO  pounds  in  a  run 
of  fourteen  hours.  This  plant  was  installed  in  li»04.  and  the  t)wner 
is  satisfied  that  it  will  pnne  a  jirofitnldc  investment.  Water  is  used 
on  20  acres,  but  the  owner  estimates  that  it  will  suj)ply  a  much  larger 
urea.  The  total  cost  was  $71IS.  in  addition  to  the  lalior  of  the  owner 
and  his  team. 

8.  L.  SIMPSON,  ATJLT. 

This  plant  is  on  the  table-lnntl,  -2  miles  east  of  Ault.  The  well  is 
10  feel  in  diameter  an<l  at  the  time  it  was  visited  was  12  fwt  deep, 
but  was  not  (inishcd.  It  is  curbed  with  2  by  I  inch  timbers,  placed 
vertically,  \^'ate^  is  fotuid  in  coarse  gi'avel  at  u  (le|>lli  of  7.."i  feet. 
This  gravel  stratmii  has  a  thicUiiess  of  4..")  feet  and  the  liottom  of  the 
well  is  on  a  bed  of  clay  which  is  moiT  than  S  feet  thick.  A 
gallery  or  Ireiich  extends  400  ft-et  north  from  the  well,  in  which  a 
iri-inch  tile  is  to  l>e  htid.  The  well  will  cost  about  $.">0()  when 
comidi'ted. 

A  Xo.  4  vertical  centrifugal  iHuiq)  i^  at  [uvsent  used.  It  i.s  placed 
at  the  bottom  of  the  well  anil  the  discharge  [lipe  is  (>  inches  in  diam- 
eter and  has  a  length  of  CO  feet,  14  feet  of  whi<'h  is  vertical.  Tiie 
present  lift  is  18  feet,  but  the  water  will  be  discharged  at  a  lower 
level,  making  tlu-  lift  13  feet.  The  riUeil  discliarge  of  the  pump 
.is  U(X)  gallon.s  |>ei'  minute. 
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Tlic  pump  is  ilrivcn  liy  a  14 -horsepower  pasolitif  ciisrine.  ■vvliicli  usos 
8  jfiilloii.s  (jf  gusuliiK-  ill  ii  run  <jf  ten  lumrs.  (Jasulinc  rosts  -21  wiits 
jKT  gallon  and  oil  eostH  ahout  '20  cents  per  day.  The  i)lunt  reqiiiros 
little  iittcndanci'.  its  it  can  hi-  left  several  honrs  at  a  time. 

Jlr.  SimpMin  intends  to  irrijiatc  KiO  acres  with  the  water  from  this 
l>lant.  The  |)lant  was  installed  July  i»()J0()4.  The  cost  of  the  entire 
plant  was  $l,;ir>0.  or  %HA't  per  acre  for  the  HIO  acres.  Ditch  risrht.s, 
supplying  hoth  early  and  late  water  for  this  area,  would  have  cost 
$■4,500. 

NEBRASKA. 

J.  M.  McAleese,  benkelhan. 

This  plant  is  situated  on  the  second  Ixtttom  of  the  Eepuhlican 
River,  n  short  distance  from  a  small  creek,  hnt  apparently  entirely 
indepen(h'nt  of  it.  The  well  is  Kl  inches  in  diameter  and  :5J  feet 
deep.  It  is  cnrlx'd  with  Xo.  20  galvanized  iron,  with  riveterl  joints 
recnforced  with  iron  hands  on  the  inside.  The  lower  t>  feet  of  this 
cnrhing  is  jx-rforated  with  O.'J.'i-inch  round  holes,  jduiched  from  the 
inside.  AVatcr  is  fnnnd  in  coarse  gravel  at  a  depth  of  .')  fcrl.  'I'his 
gravel  stratum  is  penetrated  27  feet,  hut  is  reported  to  have  a  ilepth 
of  I.CiOO  feet  and  to  rest  on  soapstone. 

.\  Xo.  2  ceiitrifngal  pump  is  used.  Tiie  suction  pipe  is  3  inches  in 
diameter  ami  the  dischaige  [)ipe  2  inches  in  tliameter.  The  lift  is 
12  to  14  feet,  and  the  discharge  l(l.">  to  120  galhuis  per  mimite.  The 
])innp  cost  $7."). 

The  pum]i  is  driven  hy  a  l..'i-liorsepower  engine,  which  cost  $75, 
the  slieil  costing  ^M.  The  fuel  consum]>tioii  is  1  gallon  of  ga.solino 
in  <;  hours,  gasoline  costing  21  cents.  The  |>lanl  i-ei|uires  little 
sitteiuhiiice.  The  pumfi  discharges  into  a  renTvoir  with  an  urea  of 
0.4.">  acre.  corr»'spondiiig  to  a  capacity  of  24,(100  gallons  per  inch  of 
de[ith.  Thirty-two  iiuhes  of  water  cnn  lje  drnwn  from  this  reservoir. 
The  seepage  at  lirst  was  1 1  inches  in  forty-eight  hours,  hut  has  de- 
creased to  about  1  inch  in  forty-eight  hours.  The  reservoir  co^t  about 
$200. 

This  plant  supplies  water  to  20  Hcres  of  vegetables.  Tlie  plant, 
exclusive  of  the  well,  cost  $.')00,  or  $2rt  per  acre  for  the  area  served. 
In  lii02  .Mr.  .Mc.Vlecse  stild  $1K)2  worth  of  produce,  bedsides  losing  12 
tons  uf  cabbage  and  2(Kl  bushels  of  |K>tntoes  by  frwzing. 


P 


WILLIAM  A.   SHAKPNACK,  ALMA. 


L' 


This  plant  is  on  the  second  bottom  of  Kejiublican  River.  The  well 
is  S  feet  in  diameter,  .'^0  feet  deep,  nnd  is  curln-d  with  brick.  The 
water  occurs  in  coarsi>  siuul  and  gi'avel  at  a  <lepth  of  12  feet,  the 
water-bearing  stratum  Iwijig  IS  to  20  feet  thick.    The  pump  draws 
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the  water  down  to  tlif  hnttniu  of  the  wolU  nnd  at  that  point  llie  well 
Kupplii's  all  tlic  puiiijj  (.•an  deliver.     The  well  cost  $'J(I(J. 

Water  is  discharged  into  a  reservoir  (iO  by  "JOO  feet  and  3.5  fi-et 
deep.  Water  can  Im'  drawn  oft'  to  within  ('.  itu-hes  of  the  liottunt. 
Four  inches  of  "  gundio '"  was  placed  at  the  bottom  and  puddled  by 
horses.    There  is  very  little  seepage. 

A  Xo.  S  centrifugal  pomp,  with  a  S-ini'li  discharge  pipe,  ^ti  feet 
vertical  and  -JO  feet  fiorizontal.  is  used.  The  lift  is  -iCt  feet  and  the 
(liscinirge  was  about  3(H)  gallons  per  minute.  The  pump  is  driven 
liy  a  4-lHUsepower  gasoline  engine  set  un  a  hricU-and-ii.'Uient  bast?. 
Tiie  entire  cost  of  the  machinery  for  the  plant  was  $l7r).  (iasoline 
cost  $7  i>er  barrel,  or  alwiit  75  cents  for  a  ten-hour  run.  The  pump 
.supplies  water  to  2'2.!i  acres.  It  has  been  us<h1  little  since  it  was 
installed  in  l'.H\-2  on  account  of  (lie  almndant  rainfall.  The  cost  of 
the  well  and  plant  was  $375,  or  $l().l)7  per  acre  fur  the  22.5  acres 
.served. 

T.  H.  SMITH,  BEDINGTON. 

This  plant  is  about  0.."»  nule  from  PumpkinM'ed  Creek  and  about 
40  fe«'t  above  the  creek.  The  well  is  10  feet  in  diameter  and  '2iK't  feet 
dtH'p.  The  water  occurs  in  gravel,  with  <)iii<'ksand  near  the  top,  at  a 
depth  of  i!-l  feet.     The  well  was  unKnished  when  visited. 

Mr.  Smith  has  a  N<».  ."i  centrifugal  pump,  with  ti-inch  suction  and  .'i- 
irich  discharge,  and  a  iri-lntr^epower  horizontal-cylinder  i>ortable  gjis- 
oline  engine.  The  machinery  for  this  w<'ll  cost  $1,100.  .Vt  the 
present  dejjlli  the  well  will  not  supply  sufficient  water  to  ojieratc  the 
pump  at  il.s  full  capacity. 

BENNETT  LIVE  STOCK  COMPANY.  KIMBALL. 

This  plant  is  4  miles  from  Kimball,  on  the  right  bank  of  Lodge 
Pole  Creek  and  about  ISO  feel  from  it.  Tlie  well  is  12  feet  sfiunrti 
an<l  13  feet  deep  and  is  curbeil  with  plank  driven  vertically.  A 
treni-h  connects  fhe  well  with  I^otlge  Pole  Creek  and  is  supposed  to 
intercc])!  the  underflow.  Both  the  well  and  this  trench  go  dowu  to 
hard)>an. 

A  No.  vi  tentrifugal  pump  with  9-incli  discharge  is  used  and  lifts 
•1.000  gallons  per  uiinnte. 

The  pump  is  driven  by  a  28-liorsepower  gasoline  engine,  which  can 
also  use  crude  oil.  A  half-and-half  mixture  of  crude  oil  and  gasoline 
is  usetl,  the  consumptitai  being  about  -J  gallons  jM>r  hour.  (Jrasoline 
costs  20  to  25  cents  per  gallon  and  the  crude  oil  $2  ]jer  barrel. 
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D.  H.  LOGAN,  GARDEN  CITY. 


This  plant  is  on  tlu-  Hut  iiLont  1  mile  from  Arkansas  Kiver  at  Gar- 
den fitv-  Tilt'  well  is  L'O  inches  in  ilianii-tor  and  'M)  fwt  di-i-p,  with 
feeders  reacliiiiji  lo  clay  al  a  tIo|)th  uf  M'l  feet.     Th 
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k 


le  welJ  is  i-nrbed 

with  galvanized  imn  perforated  at  the  lower  end  with  slits  ])unehed 
from  the  inside.     AN'titer  tieenrs  in  {Travel  at  a  depth  of  12  feel. 

A  Xo.  '\  horizontal  eentrifnjial  ]>iinip  is  used.  The  snelion  lift  is 
abont  -lO  feet  and  tlie  total  lift  a  little  more  than  L'"i  feet.  The  meas- 
ured diseliar^e  was  270  {jallons  |>er  minute.  The  pump  in  driven  hy  a 
0-hors<'power  vertieal-eyliiider  gasoline  engine  si't  on  a  cvment-and- 
timU'i-  base,  (iasoline  costs  22  cents  per  gulhm,  and  1  gallon  will 
run  the  engine  one  and  one-half  hours.  The  entire  cost  of  the  well, 
pump,  ami  engine  was$+.'»U. 

This  jjlaiit  and  windmill  su])i)lics  water  to  18  acres  regularly,  and 
in  VM)2  and  11)03  to  2  acres  extra.  The  cost  of  the  plant  was  $-jL*.r)0 
per  acre  irrigaleil.  The  owner  states  that  this  is  without  question  a 
proHtable  investment. 

ABAITDONED  PLANTS  IN  NEBRASKA. 

In  taking  up  the  subject  of  lifting  water  for  irrigation  in  Nebraska, 
a  fact  which  comes  early  to  the  attention  of  the  investigator  is  that 
a  considerable  pioporliun  of  the  plants  which  hav<'  been  installed 
and  put  in  opi'ralion  from  time  to  time  have  been  nlmmloned.  The 
facts  concerning  these  abandoned  plants  may  1m?  as  instructive  and  a 
knowledge  of  thcni  may  Ih'  ()f  as  iiuieh  value  to  those  contemplating 
the  u.se  of  other  than  gravity  supplies  as  would  a  study  of  the  newer 
plants  which  are  still  in  service,  many  of  which  may  be  said  to  be  still 
on  (rial  itr  in  the  experimental  stage.  t'o!ise(|ueiitly.some  of  the  facts 
which  liave  been  learned  relative  to  pumps  and  water  elevators  which 
have  failed  to  justify  themselves  or  to  confirm  the  judgment  of  those 
who  were  responsible  for  their  installation  wil!  1h'  s»'t  forth. 

In  an  analysis  of  the  reasons  for  abandonment,  an  important  dis- 
tinction which  should  Ix"  borne  in  mind  is  that  which  olilains  Ijctween 
tho-e  which  do  and  those  which  do  not  weigh  as  arguuients  against 
llie  practice  of  lifting  water  for  irrigation  un<ier  the  same  or  similar 
natural  and  coimnercial  conditifins. 

A  plant  was  installed  in  1S!);<  or  1S!I4  at  Flyssi'.s,  Xebr.,  to  pump 
water  from  the  IJlue  Uiver.  It  consisted  of  an  elevator  of  the  bucket 
type,  driven  iiy  a  portable  .steam  engine.  The  lift  was  abont  30  fec-t. 
The  area  irrigated  is  stated  lo  have  i>een  about  ('•(>  acres.  Potatoes 
wen-  rais(»<l  for  market,  melons  fftr  seed,  tomatoes  for  i-atsiip.  and 
other  minor  crops  for  market  and  home  consumption.     The  plant  was 
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put  in  by  a  iiiiiii  wlm  was  iiniiiiciiilly  iiivolvoil,  in  the  liupo  that  it 
would  enable  Iniu  to  pay  out.  lie  operatp<l  it  for  two  seasons,  when 
his  creditors  closed  him  out,  and  the  plant  was  almndoned.  Tlie 
stati'inent  is  made  on  jjood  iiutliority  tiiat  the  plani  in  itself  wus  a 
jiayiny  inw^tment,  and  would  liave  Iweii  proven  to  Ix'  such  if  its  con- 
tinued operation  had  iieen  permitted. 

Water  was  pumped  fron)  Blue  River  at  Milford  in  18i)5,  ISfHl,  and 
1897.  A  Xu.  4  cenlrifujral  pump  was  driven  by  a  steam  en^ijie. 
Coal  cost  $y..")0  per  ton.  and  500  pounds  per  day  was  consumed.  The 
lift  was  11  feet.  Eifrhty  acres  were  irrifrated,  the  priiu.-ipal  crops 
heinj>'  potatoes  and  atru.  ahhoutrh  a  considerable  urea  of  melons  was 
raised.  The  yields  were  not  satisfactory,  and  as  a  reason  for  aban- 
donment of  the  plant  the  broad  statenuMit  is  nnide  that  it  did  not  pay. 
It  is  staled  that  a  [lart  fif  the  disnp])oiutment  of  the  owner  arose  from 
market  comlitions  wliich  caused  the  loss  of  |>erishaiile  products,  and 
that  his  hu'irer  interests  inonopulizeil  his  time  duriufr  the  latter  part 
of  the  [juriod  to  the  exclusion  of  proper  attention  to  the  plant  and 
the  ii-rigalion  farndny  under  it. 

On  the  south  side  of  tiie  I'hitte  Kiver.  in  the  vicinity  of  Cozad.  a 
6-horsepower  jirasoliiie  engine  and  a  ])uinp  were  installe<l  in  18i>N,  at 
a  cost  of  about  $.")00.  The  water  supply  came  from  a  (i-inch  point 
well,  ;W  feet  deep,  with  water  in  half  its  depth.  The  reservoir  wa-s 
30  feet  square  and  '^  feet  deep,  (iasoline  cost  20  cents  per  gallon. 
Figures  stated  as  the  time  of  KUing  a  tank  indicate  that  pumping  was 
at  the  rate  of  ;iO()  gallons  per  minute.  The  plant  was  o])erated  for 
one  season  to  irrigate  about  1  acre  of  ganlen  and  orchard,  ami  was 
then  abandoned  as  too  expensive.  l"he  pump  is  still  in  the  well  and 
the  engine  is  used  for  grinding.  From  what  c()uld  be  learned  it  is 
believed  that  this  plant  did  not  receive  anything  like  a  fair  trial. 

In  18i)4  and  during  the  early  part  of  IMKi  an  S-horsepower  ga.so- 
line  engine  was  used  to  drive  a  4i-inch  centrifugal  jMunp  in  raising 
water  from  BuH'ulo  Creek  and  from  a  well  on  its  banks  northeast 
of  Ixwington.  The  rated  capacity  was  l.OtKI  gallons  per  minut<'. 
Aliout  Lii.")  gallons  of  gasoline,  at  Vi.'2t>  cents  per  gallon,  were  used 
per  hour.  The  well  was  sunk  ti  feet  into  water-bearing  gravel,  but 
the  supply  ol>tained,  together  with  the  small  amount  which  the  creek 
■would  furnish  at  that  time,  was  not  e(|ual  to  the  cai)acity  (jf  the  |)lant. 
Three  acres  of  potatoes  ami  some  '2o  or  30  acres  of  alfalfa  were  irri- 
gatcil.  In  ISi).')  the  Farmers  iind  Merchants'  canal  was  built  to 
cover  the  hnul  which  included  this  tract,  and  in  view  of  this  fact 
and  the  inadequacy  of  the  water  sujiply  the  plant  was  abandoned. 
Tiu'identally,  it  nuiy  Ih'  noted  that  Buffalo  Creek  has  now  l»econie  a 
jyerennial  stream  of  fair  volume. 

In  18!)4  a  jilant  was  installed  on  the  ^ollth  bank  of  the  Xorth 
Platte  Kiver.  northwest  of  Paxton.     Tlie  total  lift  was  52  feet,  about 
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20  feet  Iwing  suction.  Tlu-  disfliurjri"  pipo  was  nboiit  "200  foot  long 
anil  VI  inches  in  diameter.  Tin-  well  was  s  feet  .s<jnare  and  was 
onl}'  t>0  feet  finni  llu'  river.  It>  depth  wa.s  iiO  feet,  whidi  phiced  its 
liottoin  1  foot  helow'ihe  rwf'v  Ih-iI.  Tlic  yield  of  water  was  ntiiM|iiiil 
tu  tile  caiiacity  of  the  jjlaiTt.  The  cylindei's  nre  IS  inches  in  diameter 
and  31)  indies  long.  Steam  was  sii|>])lieii  hy  a  ^0-liorsepower  l)oiler. 
bricked  in,  and  inclosed  in  u  house  with  ln'ick  (lour.  It  is  staled  that 
IH  strokes  |>er  miniile  wns  tJie  most  favondile  sjieed  fur  tlie  ]inm])s, 
as  the  cylinders  did  not  fill  .satisfactorily  when  the  >|>eed  was  in- 
creaseil  heyonil  that,  ."^lack  coal  cost  $4  per  ton  at  the  railroad,  and 
was  hanled  s  miles.  For  continuous  running,  coal  was  used  at  the 
rate  of  L."i  Ions  per  twenty- four  hours.  It  was  the  intention  to 
irrigate  IdO  acres,  and  .-[iriiig  wheat  was  to  he  th<'  pi'incipa!  croj).. 
The  sellers  of  the  puinjj  ehiiined  it  woidd  ii'rigate  400  lo  .')U()  acres, 
but  the  irrigator  tliinks  ihi-  claim  was  entirely  too  large.  The  cost 
of  tlie  entire  ]>hxnt  was  almut  $1,000.  The  cost  of  operation  for 
twenty-four  liour>.  including  fuel,  attendance,  and  irrigation,  was 
about  $12.  The  plant  was  operated  for  about  thirty  days.  liefore- 
operation  was  re-^nmcd  the  owner  last  the  ranch  and  the  new  owners 
abandoned  the  piimjung  plant.  The  former  owner  considers  that 
the  operation  would  not  have  paid  in  any  event. 

During  IWO  ami  1901  a  No.  4  or  5  ceiitrifngal  pump,  driven  by  a 
l(i-horse|iower  gasoline  engine,  lifted  water  to  a  height  of  HI  feet 
from  a  well  which  was  connected  with  Driftwood  Creek,  near  Mc- 
Cook,  Xebr.  With  gasoline  at  20  cents  per  gallon,  the  cost  of  a  run 
"  from  sun  to  sun  "  was  $3.  It  cost  $7."i  to  irrigate  40  aires.  The. 
plant  cost  ^SCiO.  It  was  abandoned  when  the  rate  for  water  from  tlie 
McCook  ditch  was  made  satisfactory  to  the  owner. 

During  llie  di'v  years  about  lsi>.")  five  link-l)cdt  elevators  were  sold 
in  the  vicinity  of  Stratton,  to  1^  driven  by  horsejxiwer.  It  is  stated 
that  too  much  power  was  ref(uired  to  run  them:  rainfall  incrcasi'd  to 
the  extent  of  discouraging  their  use,  and  they  were  abandoned  and 
fell  to  pieces.  The  writer  visited  one  of  these  when  it  was  in  opera- 
tion and  noted  that  it  was  not  speeded  nearly  high  enough  for  effect- 
ive jierforuiance.  .V  similar  elevator,  alsn  ilrixen  by  hoi-sepower. 
was  tried  near  Cozad.  but  was  abandoned  on  account  of  the  large 
amouul  of  power  retpiired  to  ojierate  it. 

At  about  (he  same  time  the  other  elevators  were  in  operation  one 
was  (ilaced  in  llie  Middle  Loup  Kiver  at  Seneca.  It  was  driven  by 
water  power,  an  undershot  wheel  Inking  used.  The  design  of  the 
wheel  au<!  sbiiee  was  crude  and  the  construction  was  even  more  so. 
However,  after  some  changes  in  cotistniction.  water  coidd  be  lifted, 
but  luit  in  the  fpumtity  that  had  been  antici[>ated. 

The  foregoing  I'eeord  of  failure  iC'd  abaudoumeni  may  .seem  to  sug- 
geist  strongly  the  general  inadvisability  of  aitempliug  to  lift  water 
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by  mechanical  means  for  irrigation  in  the  seniiarid  and  subhumid 
regions.  None  of  the  plants  now  known  to  be  in  operation,  all  of 
them  comparatively  recent  installations,  has  gone  far  enough  to 
demonstrate  conclusively  that  the  ground  water  can  l>e  lifted  and 
made  to  pay  in  its  api)lieation  to  the  land.  It  is  believed,  however, 
that  an  examination  of  the  facts  which  have  been  presented  will  show 
that  they  do  not  constitute  a  ca.se  against  the  pumping  plant  in 
Nebraska.  Emnnerating  the  primary  causes  of  failure  in  the  in- 
stances which  have  been  cited,  they  are,  in  two  cases,  creditors  fore- 
closed: in  another,  lack  of  market  for  the  crop  caused  loss  and 
larger  interests  of  the  owner  caused  him  to  neglect  and  finally'  aban- 
don the  plant ;  and  in  others,  the  inaptitude  of  the  operator,  intro- 
•duction  of  gravity  supplies,  unfitness  of  motive  power,  .md  crude 
design  and  poor  construction  of  homemade  appliances  were  the  cause 
of  unfavorable  showings.  In  none  of  these  instances,  it  will  be 
observed,  do  we  note  the  inadequate  performance  of  engines  or 
pumps  of  established  type  and  make,  nor  an  inadequate  water  supply 
that  might  not  have  been  augmented  by  the  simple  expedient  of 
deepening  the  well. 


IRRIGATION  NEAR  ROCKYFORl).  COLO..  1904. 

By  A.  K.  Wright. 
At/fiil  mill  fCjiifit.  Iirif;atii>ii  iiiii!  Ilniiiitifjf  hiir^ilij/iitltmn. 

The  three  iniportnnt  crops  niiscd  in  tlie  .Vrkansas  Valley  in  Colo- 
ni(](i  lU'f  ulfiilfji,  sn^iir  hpcts.  hikI  curitiilinipt's.  IWts,  iiimv  than  any 
(ither  critp,  (Ii')kmicI  uii  coiiNtant  van-  and  fiiltivahtm  foi-  (heir  tonnage 
and  sufTor  ponlent,  and  methods  of  irrinjation  hrtv<"  iiKirc  inHnence  on 
Ihf  vuliR'  of  the  crop  than  is  the  case  witli  any  other  crop. 

SUGAE-BEET  lEEIGATION. 

The  first  irrigation  for  beets  is  to  bring  np  the  seed.  The  ideal 
method  is  to  wft  the  ground  thoi'oiighly  during  lb*'  winter  or  in  tlic 
early  spi'ing  before  plowing.  If  irrigated  after  [)lo\ving  the  soil 
must  be  well  harrowed  lx»fore  the  seed  is  drilled  in.  Many  of  the 
best  fields  nofieed  were  planted  in  this  way  in  the  last  days  of  March 
and  came  np  in  two  weeks,  giving  almost  a  l(K)  per  cent  stand  of 
beets.  Several  of  these  fields  reeeivt-d  no  further  moisture  aside  from 
rain  (."»  inches  in  April,  May,  and  Jnne)  until  the  hist  of  June.  At 
that  time  they  were  larger  iiiul  more  promising  than  most  of  the 
Inter  plantings.  No  east'  of  replanting  on  account  of  too  early  seed- 
ing was  oiiser\ed. 

(^ne  advantage  of  winter  irrigation  for  beets  which  wonld  In'  much 
more  important  in  average  years  than  in  1S>04  is  that  water  is  in  le&s 
denumd  tlien  than  during  the  growing  season,  and  a  large  saving  of 
water  is  thus  cH'eeled.  Hut  tile  main  advantage  is,  probably,  the 
greater  ease  with  which  a  good  stand  of  beets  is  obtained,  for  it  avoids 
all  the  difficulties  of  "  irrigating  to  bring  np  the  beets,'"  which  is  done 
as  f(dtows: 

After  the  seed  is  drilled  in,  light  furrows  are  run  between  rows  or 
in  alternate  s]iaces  with  shovels  set  at  the  required  distance  on  an 
ordinary  wheel  cultivattn-.  (See  p.  t)18. )  Cure  nnist  lie  taken  not  to 
throw  too  much  earth  on  the  seed,  and  hence  the  furrows  must  be 
nuule  shallow.  On  the  other  hand,  if  too  shallow,  the  water  will  nui 
over  the  edges.  It  is  essi-ntial  to  wet  the  soil  without  Hooding,  for  the 
silt-laden  water  of  the  Arkansas  forms  a  coating  of  mud  which  bakes 
in  the  sun  as  hard  as  a  brick  and  through  which  the  slender  young 
j>lant  can  not  force  its  way.  In  case  all  or  part  of  a  Held  has  i)een 
unavoidably  flooded,  the  crust  must  be  broken  up  just  as  soon  as  it 
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is  dry  enoupli  not  to  ^tirk  lu  :i  stofl-tootliwl  harrow.  Such  harrow- 
ing floes  not  disturb  the  stH-d  if  ilone  soon  enough.  (See  p.  (518.)  But 
two  or  tliri'i'  Hi'lds  were  ol)s«'rved  win-re  the  sprouting  seedlings  had 
idreadv  grown  into  the  under  side  of  the  crust  and  were  thus  torn 
out  by  the  roots  when  the  crust  was  harrowed.  (See  p.  618.)  It  is 
generally  tlic  |iractirt'  to  eultivat*'  after  every  rain  which  is  heavy  or 
jx'lting  enough  to  erust  the  siirfnee. 

The  general  plan  for  the  irrigation  of  beets  is  the  same  throughout 
tlie  valley.  The  rows  are  usually  IS  in<'hes  apart,  tiiough  a  small 
l>erct'ntage  of  growers  prefer  to  sj)aee  them  '20  inches.  DeejM-r  fur- 
rows can  be  made  between  •JO-iiich  rows,  ami  water  is  tlul^  a|>plied 
lower  and  dee|)er.  wliieli  is  an  ailvantage  ])robaldy  oUH't  by  the 
greater  loss  of  water  from  the  greater  unshadi'd  area  U'tween  rcjws. 
The  objects  to  be  attained  are  evennos  of  distribution,  ease  and 
cheapness  of  conMrui'tion.  and  economy  of  time  in  ifi'igation. 

The  water  is  first  run  infc)  the  bead  lateral  by  mean>  of  the  check 
jiud  gate  in  t!ie  side  lateral.  Owing  to  the  e.xpen.se  of  building  Jind 
lesetting  wooden  boxes  every  year  many  still  use  a  temporary  eartli 
dam  for  a  ciieik  and  ntaUe  a  eul  in  the  itaidi  for  a  gate.  Canvas 
dams  are  in  more  favor  than  wooden  bo.xes.  I)eing  cliea])er  and  not 
much  more  troublesome  to  use.  If  the  fall  in  the  liead  lateral  is  light, 
enough  (less  than  O.ti  or  O.S  f(H>l  in  the  length  of  tlie  lateral),  the 
entire  number  of  rows  imiy  be  irrigated  at  one  "  st<tting  "  of  the  dams, 
but  usually  Kl  to  '>0  rowh  ar'e  watered  at  onee,  depeuiling  on  the 
qnuntity  of  water  a\ailaMe  and  the  capacity  of  the  lalei'al  system. 
Enough  must  Ik'  turned  down  each  furrow  to  rcjicli  the  lower  end  in 
I'casonable  time,  for  on  most  land  the  upjier  end  of  the  furrow  will 
absorb  much  more  water  than  the  lower  if  this  precaution  is  not  taken. 
This  effect  i.s  important  in  light  irrigations,  but  can  not  usually  be 
tlctected  in  cases  where  irrigation  is  Iieavy,  for  the  abs^^rption  of 
water  by  the  soil  at  the  npjier  entl  is  less  after  iH'ing  wet  to  u  certain 
degree.  This  is  proven  indirectly  by  repeated  observations  of  the 
steady  increase  of  waste  water  iit  the  lower  end  of  fni'rows  during 
jU'olonged  irrigation,  \^'llen  the  water  carries  a  large  (|uanlity  of  silt 
a  smaller  head  will  run  through  a  long  furrow.  l)ee|>  fuiTows  will 
absorb  a  larger  bead  than  shidlow  furrows,  unless  the  slope  is  great. 
^V'illi  a  l^eavy  slope  and  muddy  water  it  is  possible  to  run  water 
tiirough  furrows  in  an  astonishingly  short  time,  the  water  soaking 
only  '2  or  '.i  iiu'hes  into  the  sifles  and  bottom  »)f  the  furrow.  For  this 
reason  silt  is  considered  by  nuiiiy  a  distinet  advantage,  especially 
where  furrow.s  are  very  long.     (See  p.  <)1S. ) 

The  furrows  ma\'  be  made  in  each  space  between  rows  or  only  in 
idternat<'  sjiaces,  in  which  case  tlie  spaces  not  furr(»wed  out  at  one 
iri'igatiou  are  chosen  for  llie  next,  to  avoid  a  one-sided  growth  of  the 
beets.     The  length  of  the  furrows  varies  from  300  feet  or  less  up  to 
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1^00.     Wiifii  furrows  an  very  l(iii<r  iiiul  Imvc  litllf  slojie,  espofially 
in  saiuly  soil,  many  growcrn  U)g  tlu'in  mil  wiih  titc  i-nido  one  or  twoi 
lioi-sc  devices  sliowii  in  fijjiuvs  7.">  iiinl  T(i.     This  stnuuth»  and  conijiacts 
the  e;irth  so  lhnt  wiiter  is  alisorU'd  imii'h  more  slowly.     The  |)r!ietice 
of  logging  out  is  necessary  in  some  cases,  but  it  is  an  error  to  suppose 


Km.  75. — Di'vice  (ui-  lugKin^  out  furrows,  for  two  horsn. 

that  it  can  at  nil  iucreasi'  the  (hily  of  water.  It  merely  deereasps  the 
rate  of  ahsorption.  mid  tot)  often  doubles  the  anioiuit  of  waste  water 
escaping  at  the  lower  end. 

A\'liere  cross  hi(ci-:ds  an-  run  Uirongii  the  lii'lds  all  waste  water  from 
the  upper  set  of  fiu'rows  is  collecletl  in  the  cross  lateral,  from  whi<-h 
it  is  readily  nMlistribiiteii  down  liulf  a  dozen  or  more  rows  below. 
Thus  (he  irrigator  i-an  Im-n  ilown  into  each  ftrrrow  a  mueii  larger 
head  than  is  needed  without  wasting  water.  It  is,  of  course,  impos- 
t^ible  to  gauge  with  any  aeeuraey  the  tiny  stream  turned  into  one  fur- 
row, for  the  method  is  to  make  a  series  of  cuts  in  the  side  of  the  Ise.-id 
lateral  and  diviile  the  water  as  everdy  as  the  eye  can  judge,  placing  an 
upright  slick  in  esich  cut  and  throwing  against  (liat  a  handful  of 


"ft. — Device  fur  loKSlni;  nut  furn>w»,  fi>r  •>ni'  liorup. 


weeds  or  a  piece  of  cloth  or  burlap.  Where  the  mud  is  soft  enough  a 
weed  is  merely  forced  down  into  it  with  the  shovel,  whei-e  it  will 
protect  llie  bank  from  washing.  One  cut  in  the  htteral  supplies  two 
furrows.  This  arrangement  may  .save  a  little  work  in  cutting  the 
lateral,  but  it  wastes  a  narrow  strip  of  laud  parallel  to  each  cross 


■ 


612 


IBRIGATION    AND   DRALNAGE   INVESTIGATIONS,  190*. 


lateral.  A  few  irrigators  favor  the  iise  of  latli  Ijoxes  set  in  the  banks 
of  laterals  (fig.  77)  especially  for  night  irrigation  (see  p.  620),  since 
lliey  give  an  even  flow  to  each  furrow  and  are  not  apt  to  wash  out  in 
case  the  fl(jw  increases  in  (lie  night. 

Wlien  the  first  setting  is  sufficiently  wateretl.  a  check  is  put  in  the 
head  lateral  farther  down  mid  the  first  dinii  taken  out.  This  lowers 
the  water  in  tiie  heail  hiterul  enough  to  prevent  its  naming  out  into 
the  first  set  of  rows,  and  so  the  cuts  made  in  it  for  the  first  setting 
<?o  not  nwd  to  he  refilled.  A  mistake  often  made  by  ines]>erience«l 
iriigutors  is  in  making  the  first  set  at  the  lower  end  of  a  lateral.  As 
a  i"esult  each  dam  or  check  has  to  Ije  huilt  in  running  water,  which 
is  liy  no  iiit'iins  t-itsy  to  do.  Hut  liy  beginning  at  the  head  of  the 
lateral  eiich  dam  is  j)ut  in  dry.  ami  in  changing  the  set  one  merely 
has  to  to  make  a  rift  in  the  dam  above  and  let  the  water  wash  it  out. 
AVhen  irrigating  is  finished,  the  Intei'iil  has  but  one  dam,  at  the  lower 
^^        end. 

^^b  When  the  upper  set  of  furrows  irrigated  from  the  head  lateral  aiv 

^^        all  watered,  the  gate  into  the  head  latei-al  is  closed  and  all  the  water  is 


Vk!.  7T.- 


-Lath  liox  for  dlalrlbiitlng  watiT  fniin  liiternln. 

where  the  distri- 


P 
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run  <lowii  the  side  hiterai  lo  the  first  cross  lateral, 
but  ion  proceeds  as  l>efore. 

It  very  fivijuently  happens  that  the  waste  water  is  not  ap])lied  to 

.the  same  crop.     On  one  ranch  the  waste  watei-  fi-oni  l."»  iicres  of  hi-et.s 

irrigated  5  acres  of  cantaloupes  and    ihe   waste   from  the  melons 

watered  'J  or  ;?  acres  of  orchard  and  gai'den,  the  final  remnant  finding 

its  way  intt»  the  mad.  where  il  iin|M'(led  If.iHir  for  n  ipiarler  of  a  mile. 

Cultivation  as  .soon  as  po.ssible  sifter  irrigation  is  iin  absolute  e.ssen- 
tial  to  successful  beet  culture.  First.  iM-eanse  it  mulches  the  sm'face 
and  conserves  the  moisliire  in  the  soil.  but.  what  is  vastly  more 
important  to  (he  young  beet,  il  br<'»ks  up  Ihe  crnsl  ami  gives  the 
plant  air.  vvaruilli.  and  room  to  grow.  It  is  not  enough  merely 
to  br<'ak  up  the  loj)  crust,  except  in  a  very  sandy  anil  o]>ei)  soil.  In 
mast  soils  irrigation  tends  to  \r.ick  the  soil  for  several  iu<"hes.  and 
to  break  nji  this  coiuiaicl  mass  it  is  necessary  to  use  the  "calf 
tongues"  and  to  run  them  as  deep  as  possible.  Many  use  the  "  duck 
feet  "  at  the  same  time,  but  this  keeps  tln'  narrow  tongues  too  near  the 
piirface.     If  a  mirrow  and  deep  cultivation  lun  be  made  in  the  cen- 
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for  hetwpon  rows,  tlif  cximnsion  of  tlic  Ix-ots  tlictii'^f'Ivfs  will  be 
.strong  fiiough  to  loosfii  tin-  soil  urmirul  thi'iu.  Fuihirt'  to  ouhivnte 
deep  reMilts  in  a  ■'  ]>incliinp  "  of  the  beet,  which  retUices  its  diiimeter 
and  makes  it  grow  in  oihJ  ^ha|>es. 

WATER  APPLIED  AT  ONE  IRRIOATION. 

During  A])riL  May.  and  tin'  first  lialf  of  Jiiiu'.  ii)04.  Ti  inches  of  rain 
fell,  and  irrigation  wiis  mni.sinilly  light  as  a  result.  Half  the  water 
that  filled  nil  eaiials  from  ii  high  river  early  in  June  was  wa.sted 
at  their  lower  ends  or  over  wasteways.  Meiisurenieuls  of  single 
irrigations  show  greater  variaticm  than  would  be  found  in  average 
years.  Many  eases  were  found  where  the  ground  was  moist  :i  inches 
lielow  the  surfare,  and  the  water  apjdied  served  no  useful  purpose 
whatever.  The  data  were  obtained  by  measiiriug  the  head  applie<l 
to  a  measured  Held  or  to  a  certain  luunber  of  rows  and  finding  out 
how  hmg  the  water  was  run.  In  most  eases  there  is  no  great  aeeu- 
racy  in  the  estimate  of  time,  which  varied  from  a  few  hours  to  ten 
days.  In  several  eases  there  were  also  considerable  changes  in  the 
head  iluring  the  time  of  irrigation,  and  an  error  is  thus  introduced. 

Twenty  fields  were  obs<'rved  and  the  following  statements  regard- 
ing the  depth  of  water  ajjplied  at  a  siugK-  irrigation  were  obtained: 
Less  than  O.i!  foot  was  applied  to  3  fields;  0.2  tf>  0,4  fiMtt.  to  .">  fields; 
0.4  to  0.0  fmit,  to  7  fields;  O.f.  to  0.8  f(K>t,  to  2  fields,  and  O.H  to  1  foot, 
to  3  fields.  The  average  on  the  twetity  fields  was  0.48  foot  in  depth. 
(See  p.  li'iii.)  The  only  way  of  estimating  the  total  depth  applied  in 
u  season  is  to  assume  that  the  same  amount  is  used  at  eacii  application. 
It  is  probable  that  the  first  irrigation  was  heavier  than  the  one 
ob.serveil,  which  was  in  most  ca.ses  the  second,  and  that  the  third 
would  Im'  lighter.  To  arrive  at  the  average  duty  of  water  for  a  dry 
year  there  should  |)rohably  be  added  to  the  depth  applied  in  1!K)4 
the  rainfall  for  ISKM. 

Many  irrigators  said  that  the  n»ml)er  of  irrigations  wonhl  ile- 
]»end  on  weather  conditions,  so  the  estimates  are  [u-olml>iy  too  snnill 
for  a  fair  average.  The  munber  varieil  from  1  to  4.  .*^eveiitoen 
fields  Wert'  observed,  the  depths  received  during  the  season,  estimate*! 
as  outlined  above,  being  as  fcdlows:  0.<)  to  1  f<K>t  was  applied  to 
7  fields;  1  to  l.r>  feet,  to  4  fields;  1.5  to  2  feet,  to  4  fields;  2 
to  3  ftvt,  to  •!  fields.  The  average  for  the  seventeen  fields  was  1.3 
feet,  all  exclusive  of  rain.  In  several  cases  winter  irrigation  was 
practiced,  which  is  not  included. 


TIME   AND   LABOB  BEaxnUED. 


P  Tlie  average  time  for  irrigating  1  acre  of  beets  for  the  20  fields 

I         was  3..*i  hours,  or  nearly  7  acres  in  24  hours.     (Sw  p.  (U!).)     Rut  it 
^        must  nut  be  supposed  that  the  services  of  a  man  are  recpiired  all  th»i 
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(imp  (hiring  an  iiTipiuinn,  for  :i(  riiglit  it  is  ciislnniiiry  to  set  the  water 
on  us  miuiy  rows  as  possiltk-  and  k-l  it  run  iinuttt'iuU'il  for  cigiit  iiours 
or  more,  the  waste  of.  say,  one-third  of  the  water  being  less  than  the 
cost  of  extra  caiv.  It  is  tlien  reasonalile  to  sny  that  oni'  man  ran  irri- 
gate 5  to  l.j  aeres  of  beets  in  a  day,  working  ten  hours,  and  changing 
the  water  kite  at  night  and  early  in  the  morning,  and  that  the  cost  of 
H|)[ilyiMg  water  to  l>eets  is  10  to  SO  cents  [x-r  acre  for  ciich  application, 
with  wages  at  $1..")0  jK-r  day.  (.See  p.  (i'JU.)  Fi-c<piently  boys  are 
employed  for  tliis  work,  through  failure  to  realize  the  imijortance 
an<l  llip  small  cost  of  having  it  done  by  an  exjx'rienced  man.  A 
single  row  of  beets  nniy  yield  kalf  a  ton,  and  a  sligkt  neglect  in  .seeing 
that  a  single  furrow  is  well  watered  may  cause  a  loss  of  several 
hundred  [Kjunds. 

SUMMARY.  ^^ 

(1)  Winter  irrigation  and  early  seeding  favor  a  good  stand.        ^" 

{•2)  Harrowing  or  culliviuion  after  ruin  or  irrigation  is  e.s.sential. 

{•i)  The  cross-lateral  system  is  the  most  successful  layout. 

(4)  Silt  is  not  considered  a  benefit  to  land,  and  though  it  aids  hasty 
irrigation  does  not  raise  the  duty  of  water  (see  p.  (ilH). 

(.'))  An  average  irrigation  is  (J  inches  (.see  p.  ii'I^). 

((V)  The  total  depth  of  water  required  is  not  more  than  2  feet. 
including  rainfall. 

(7)  The  co.st  of  applying  water  is  so  .small  as  to  make  neglect  and 
excessive  waste  inexcusable. 

CANTALOUPE  IRRIGATION.  H 

In  many  ways  the  irrigation  of  cantaloupes  is  more  difficult  (ban 
the  irrigation  of  beet.s.  Flooding  llie  young  plants  with  iruiddy 
water  or  with  water  oidy  fairly  clear  is  fatal.  If  prolonged  the  plants 
are  drowned,  and  if  for  u  sh<»rt  time  the  crust  t!ia(  forms  in  the  hot 
sunshine  chokes  tlie  tender  |>lants.  The  layout  is  generally  the  same 
as  for  l)eets,  excejit  that  the  furrows  are  run  down  one  side  only  of 
each  row,  the  rows  lieing  .'>  or  (>  tVct  apai-t.  Tbe  furrows  are  made 
with  a  single  shovel  and  are  much  deeper  than  it  is  po.ssible  to  make 
them  for  beets.  In  the  case  of  beets  the  water  has  to  move  laterally 
from  (he  furrows  only  a  few  inches  in  order  to  soak  the  beets 
thoroughly,  while  with  cantaloupes  the  water  must  move  or  "sub" 
a  distance  of  18  to  24  inches  in  order  to  wet  the  plant-s.  For  this 
reason  it  is  usual  lo  run  the  water  nuicli  longer  on  lliem  than  on  beets, 
and  the  waste  is  corres))oudingly  great.  The  average  wa.ste  in  seven 
fields  obst'rved  is  estinuited  at  44  per  cent.  The  average  depth 
applied,  not  including  waste,  was  0.:W  foot.  The  average  area 
irrigated  by  one  nuin  in  twenty-four  hours  was  li.i>  acres,  (See 
p.  (J20.) 
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The  iminbei'  of  times  wntcr  is  iippliod  lo  cantaloupes  in  one  season 
varie.s  from  ihree  to  six,  nccordiiifi;  to  IIil-  aiiKinnt  used  lU  one  time, 
the  total  ih'pth  jij^plied  in  VM-i  being  [jiuhably  0,5  to  l.EJ  feet.  In  a 
dry  year  tiiis  might  reaeli  -J  feet. 

ALFALFA  IE.EIOATI0N, 

Alfalfa  is  flooded  in  two  ways,  either  from  the  head  of  hmp  lands 
or  from  cross  laterals  run  nearly  on  contours.  In  the  lirst  method  the 
lands  run  usually  the  full  length  of  the  field,  being  often  as  long  as 
1,(;00  feet.  It  is  usually  necessary  1*»  tlintvv  up  a  few  low  dikes  in 
places  to  raise  tlie  water  enough  to  cover  the  high  places,  and  it  is  in 
haiuiling  these  dikes  that  the  skill  of  the  irrigator  comes  into  play. 

In  five  cases  obsei'vcd  the  average  dei>th  applied  wa>  0,4  font;  the 
area  irrigated  by  one  man  in  twenty-four  hours,  12  acres,  and  the 
head  handled  by  one  man  was  3  cubic  feet  per  second. 

The  total  depth  in  a  season  can  not  l)e  determineii  by  the  al:>ove 
data,  as  it  is  customary  to  turn  water  on  alfalfa  whenever  there  is  a 
surplus,  and  thi>  tpiantity  thus  a[)plied  has  tuner  been  nu'asured.  It 
is  couiinotily  said  that  one  good  irrigation  i^  re(|uiivil  for  each  of  the 
three  crops  cut. 

There  were  in  100?.  (report  of  Water  CosnmissituuT  C'ressey)  under 
ditches  lii'tween  I'uebhi  and  Lajimta  lUi.UOO  acres,  of  which  G4,()UU 
acres  were  in  alfalfa. 

GRAIN  IRRIQATIOir. 

Although  the  Arkansas  Valley  i^  not  well  adapted  for  grain 
raising,  consideralde  grain  is  raised,  especially  as  a  shade  crop  for 
voung  alfalfa.  (See  p.  (Jl!*.)  Six  fields  were  obs4>rved.  the  average 
dejith  applied  measuring  nearly  O.s  foot,  or  about  li  feet  in  the  season. 
The  variation  was  so  great,  however,  that  no  conclusion  ran  lie  drawn 
MS  to  what  (juanlity  of  water  wouhl  ^at!sfv  the  requirements  of  grain. 
One  iri-igator  Hooded  his  field  with  tes^  than  O.J  foot  in  depth,  while 
another  ran  on  encnigh  to  co^•er  his  grain  1.7  feel  deep.  The  rainy 
condition>  account  in  part  for  these  wide  variations. 


LATERAL  DITCH  COMPANIES, 
(Data  given  !>>•  W.  M.  Wiley.) 

Under  the  Amity  canal  are  organized  !)  lateral-ditch  companies, 
each  incorpoivaled  under  the  laws  of  Colorado  aTid  nnituiged  fiy  the 
irrigator^  uiuler  each  lateral.  The  lay  (Uit  of  hitei-als  nndei'lhe  .Vmity 
favoj-s  thi>  arrangement,  a>  the  average  acreage  under  each  of  the 
nine  is  over  I'.ttOO  aci-es.     These  laterals  are  built  so  as  to  run  water 
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tlowii  fiifli  ridfTf  (.TosstMl  liy  the  Amity,  the  Mililuici-als  watering  aU 
the  hiiid  oil  either  siile  of  the  ritlge  us  far  as  tlie  eeutcr  of  esich  tlniw 
Ijetween  ridge*:. 

Tlie  g<'iieral  idea  wiis  taken  fi'oni  siniihir  companies  near  (ireoloy, 
whirh  vvei-e  merely  agreements  i)f  ii.sers  to  eoml>ine  their  laterals  in 
one  lor  the  coninion  interest.  They  Iniilt  their  own  lntei"als  and 
managed  them  ihrnngh  their  orgsnizations.  Tiie  laterals  under  tlie 
Amity,  liowever,  were  all  hitilt  by  the  Amity  company  and  turned  over 
to  the  lateral-ditch  companies  by  the  canal  company.  A  latei-al  com- 
pany is  organize<l  as  soon  as  there  air  three  users  under  one  lateral. 
Although  they  then  "a<'([uire.  receive,  own.  hold,  and  posse-ss"  the 
lateral,  title  to  the  lateral  is  iieA^er  actually  pas-sed  hy  the  company. 
Their  right  arises  by  use.  They  can  not  set)  or  dis])<jse  of  the  lateral. 
The  company  is  tiien  responsible  for  maintenance  of  the  lateral  and 
structures  thereon  and  for  tlie  distribution  of  water  therefrom. 

Altliough  the  slock  issued  has  a  face  value,  it  is  issued  to  water- 
right  holders  without  any  t:ash  payment.  Shaivs  are  attached  to 
certain  descrilxnl  lands  and  are  inse]>arable  therefrom.  The  Amity 
canal  becomes  the  shareholder  for  unsold  water  rights. 

The  programme  of  organization  is  as  follows: 

(H)  Tbe  lucoriMiratliin  Ih  miiiimnced. 

(ft I  Hy-liiws  lire  jmsned  iit  a  Keiieriil  meeting. 

(fl  llltkfrs  lire  eUM'teil. 

(//)  All  usstiBsmeut  is  votiil. 

The  advantages  of  llie  system  from  the  standpoint  of  the  Amity 
canal  management  are : 

ill  I  A  saving  of  water  li.v  ninklu);  rotntlon  amunf;  laterals  eaxler. 
{b\   A  Siivluj;  til  the  cxjit'USL'  <>t  (llwrrilmlicui. 

(cj  Tlie  eduealum  <if  the  fanners  In  water  laws  ami  customs  and  iu  making 
tbeui  reAiHiiisilile  fur  ttie  detaltx  of  dlatrittutlou. 

Assessments  run  from  Ti  to  25  cents  annitally  per  acre. 

Each  user  builds  his  own  sulilateral  from  a  point  ordered  by  the 
board. 

One  water  right  imder  the  Amity  is  (JO  acre-feet  during  the  irrigat- 
ing season  and  :^'0  dnring  the  nonirrigating  s<'ast>n  for  4()  acn»s  of 
land.  The  comjiaiiy  is  not  respousiiile  for  nondelivery  of  the  water, 
nor  is  payment  required  for  water  delivei-ed  in  excess  of  the  amount 
designated. 

SMALL  PUMPIKG  PLANTS. 


PLANT  OF  OOODNER  BKOTHERS,  BOCKYPOBD,  OOIiO. 

Bniiiiie:  S-liorseiiower  itiisolliie.  3»X)  revoliitimiB  |»er  tutuute. 

I*Huip:  <i-in<'li  clialu  and  Hoat.  with  a  Imred  <i-iiich  cylinder  40  laches  long, 
the  fliints  lioiiig  litteti  with  exiiaiidliiK-  fust-irou  rliigH  and  spaced  30  Inches  apart 
on  the  ctialu. 
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Dlsehnrge;  0.1)2  cubio  foot  i>or  setMixl.  ooniputml  from  s\tce<\  of  pum[);  0.06 
ciiltir  fiHit  (icr  secmiil,  moasurwl  with  lunviit  nii'ti-i-. 
Lift :  i:;  fti't. 

Fuel  ustil :   1  pillon  gnsolinp  in  three  liimrfl  iiiiil  tivc  iiihiutes. 
Useful  uiirk  :  I.;?*;  liorseiiovver. 

(iiiHolliio  lior.sepowiT :  3.25  (1  gallou  equals  10  lioweixjNvei'-honrs). 
Effii'leui'.v  :  42  |ter  cent. 
Acre-feet  iiei'  Knlloii  <if  Kiisoliiie:  0.23. 
Cost  [ler  in-re-fcKit :  ¥0.87  ipusiillne  at  $0.20  i*r  Kallon). 
Cost  i>er  iicre-foot  for  eueli  foot  ilft:  $0.(>il7. 

This  jjiimp  would  give  mtieli  better  efficiency  if  run  slower.  In 
the  e!iH»>  observed  the  Houls  hnil  a  velocity  of  Tj  feet  per  second  and  in 
entering  the  water  carried  down  ctin.siderable  air  and  caused  an 
impact  wliich  nuist  have  abscjrhcd  a  pood  deal  of  power.  It  should 
be  made  of  larger  bore  for  this  cajiacity.  'Die  pull  on  the  chain 
rwjuired  to  just  start  the  pump  with  a  lO-foot  lift  was  32  pounds  in 
excess  of  the  weight  of  the  water  colniim,  which  indicates  an  efficiency 
of  70.i"i  per  cent  vvlieii  run  very  slow,  no  accoiuit  iH'ing  taken  of  leak- 
age, which  was  too  small  to  be  detected.  Measured  with  spring  bal- 
ance. 

PLANT  KEAB.  BKIDOE  NOB.TH  OF  T.AMAlt,  COLO. 

Enelue:  4  horsepower  Kiisollne. 

Punip:  No.  .''i  i-eutrifuKHl. 

Disichurge:  li.OG  cubic  f(x»t  [ler  secoud  t>.v  curreut  meter. 

Lift :  10  feet. 

Fuel  use«l :  1  gallon  casoline  in  two  hours  and  thirty  minutes. 

Useful  work  :   l.OS  horst'iMnver. 

Gasoline  horse|Miwer:  4. 

Edicienry  :  27  per  i-cnt. 

.Vcre-fet'l  per  gallon  of  KiiwUno:  0.100. 

Cost  )H.'r  aiTo-foot  :  :fl.ti2. 

Cost  p»'r  acw-foot  for  each  foot  lift :  $0,102. 

Cost  of  pliiut :  Engine,  $250 :  pump,  $I<M». 

This  plant  irrigates  about  ;iO  acres  of  cantaloupes,  fruit,  and  garden. 
Three  to  five  acres  are  watered  in  ten  hours,  which  indicates  the  ai>p!i- 
cation  (if  from  0.ir>  to  0.2(>  f<Hit  in  depth  at  each  irrigation.  Al)out 
1.8  feet  in  dejitli  is  applied  in  a  season,  which  <-usts  $;}.")  for  20  acres, 
or  about  $1.80  per  acre. 

The  owner  sold  his  water  right  in  a  ditch  bccausi'  nf  difliculty  in 
getliug  water  when  he  wanted  it.  This  was  apparently  due  to  very 
p(K>r  construction  of  a  dike  leading  to  this  lowland  lying  near  the 
river.  He  is  contident  that  it  costs  him  less  to  pump  than  to  use 
ditch  water. 


618 


IBBIOATION   A1<D   DBAJNAGE   LNV£STIGATI0K8,  1904. 


STATEMENTS    REGARDING    MR    WRIGHTS   REPORT 
WINTERH ALTER  AND  OTHERS. 


BY    W.    K. 


I 


Owiiipr  to  thi'  short  time  which  Mr.  Wright  could  give  to  the  inves- 
tigation lit  Rockyford.  tlic  preceding  rejwrt  was  submitted  to  a  num- 
ber of  j)Hilies  living  in  that  section  and  familiar  with  irrigation  prac- 
tice tliere  for  discussion. 

Mr.  W.  K.  WinterltulttT.  manager  of  the  Ijimar  factory  of  tlie 
American  Beet  Sugar  Company,  was  one  of  those  to  whom  the  report 
was  sent.  Mr.  Winterlialtcr's  discussion  of  the  rejxtrt  and  tiie  replie-s 
i-eceived  from  his  corrfsi>onilents  follow: 

•    •     •     Voure  of  January  27  with  the  irrigntton  report  of  Mr.  WrlRht  was 

duly  ret'eivwl,  l>ut  owiiis  t<i  the  |ires.siire  of  work  I  have  li«»ii  uiinhle  to  forwjini 
you  my  suKUestimis  rci;:irc!iiiK  ((mnceH  In  this  re|M>rt  until  t<>-<hiy. 

.\fter  ri'iidiiiK  .Mr.  WriKlit's  jiiiikt  on  his  oltwrvatioiis  in  irrigation  In  the  Ar- 
kiinwiN  Viilli'y  it  n<-(UiT<'il  to  nio  thiit  scvcnil  |);is.s;iki'.s  Ihfrein  nwilwl  ni<Hlinen- 
tlon  or  nltenillon,  iiml  In  onler  to  Kiitlsfy  niysi-lf  :is  well  iim  your  l>e|>iirtnicnt  .-ts 
to  tlie  afcunicy  of  tlicw  chiinKfs.  I  suliinitttMl  to  the  most  exiierlenttHl  Irrl- 
gntorti  of  my  natiuiiintant'e  In  the  .VrkauHus  Valley,  all  of  whom  are  prai-th^il 
farniprfi  and  exiwrtH  in  tlip  li:iinllln«  of  water,  sevenil  <iU('stlons  pertninhiK  to 
the  i»iitils  whiili,  in  my  ojiitiion.  were  not  i|uite  cli-arly  exi>re»«<«Hl  in  .Mr.  \Vrit;lit"s 
ri>|)ort.  I  atta<'h  hcR'to  their  rcplii-s  anil  wi-sly  to  say  that  same  in  most  In- 
Btatu-es  coinciiU-  <iiin|il<'t»'ly  wtdi  my  views  and  I  will  leave  It  with  you  to  uinke 
sueli  elimiKes  in  .Mr.  VVriulit's  re|M)rl  as  .von  may  deem  advisalile  and  JustiGi'*! 
lifter  iMTUsins;  the  opinions  of  the  gentlemen  whose  nutnes  ajijiear  on  the  iii- 
eloseil  list. 

Yon  will  notice  that  in  some  instances  the  opinions  itf  these  parties  on  the  nuui- 
Iwr  of  aereK  that  eaii  1m'  iiTlgated  In  n  day  differ  <iuite  widely,  hut  ns  a  whole  I 
tliink  that  siane  vahtalile  inrorniatioii  is  eimtaitKHl  in  tlies(>  individual  reports 
anil  tliiit  the  Juilntiient  of  these  reprewMitative  fanners  whose  homes  are  wat- 
tered  over  a  ilisliinee  of  12."i  miles  in  leiiptli  alone  the  .Vrkansiis  Iliver  deserve 
elofe  study  and  niiisideration.  Now.  as  to  .Mr.  \Vrit,'lit's  re|Kivt.  [n-rniit  ine  to 
oomuient  as  follows : 

UererrliiK  to  the  piissaKe  where  he  niieaks  of  lieet  seetl  heing  drilled  and  rows 
thereafter  lieliiR  nni  with  eultlvutor  shovels.  I  wish  to  say  that  this  pra<'tloe  In 
Hlinost  etillrely  ulnindiHitHl  ami  that  the  ImwI  drills  urv  now  e<iulp|ie<1  with  such 
Khiivels.  nuiklnn  furrows  lietween  the  seed  rows  at  the  same  time  that  the  si-eil 
Is  planliHl.  llarrowiiiK  lo  break  the  enist  liefore  tlie  see«l  is  well  germinated 
should  always  Ih-  diaie  erosswlse  and  not  in  the  same  direetion  in  whieh  the 
need  is  planle<l,  as  there  Is  danger  of  |aililii(i  out  a  nnmln'r  of  plants  if  a  liarrow 
ttiiitii  follows  a  see<l  row  for  even  ti  short  distance.  W'iien  I  he  se<"ij  is  well 
Kermlnated  and  a  crust  forniB  on  a<rount  of  rain  or  careless  IrrlKatlun.  the 
spider  iittacluil  to  the  cultivator  is  the  only  tmil  that  will  break  the  crust  with- 
out doitiK  <tiiisiderable  daiiiiit;e  to  the  crop. 

While  .Mr.  Wrl^jhl's  statement  that  tiiiiek  time  can  1«>  made  In  irrlsntln«  with 
nniihly  water  is  corn»et.  I  wish  to  state  Unit  if  we  hail  clear  water  in  the 
.Vi'kiiiisas  Itiver  we  could  net  aloiiK  prolialiiy  with  mie  to  two  irrtpitions  les.s 
and  Would  avoid  ^reat  ililliculties  and  diiinaKe  lo  crops  of  all  Uiials  by  the 
seillment  that  deposits  on  the  surface  and  practically  closes  the  |Kires  of  the 
8<jll  air-tight  until  it  commenc-es  to  cruck. 
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As  to  tbp  nvpruKe  dcntli  of  wiitt-r  iiwfSMury  for  luic  irrlgntiim,  I  believe  tbiit 
tills  point  Is  quite  well  iiiiswertMl  liy  the  fiiniici-«  lu  nuestloii  Xo.  8,  thoilgU 
it  Is  very  evident  lluit  t-vcii  some  of  the  best  men  have  iin  c-nin-eptioii  of  the  iiiuin- 
tity  of  wilier  llicy  iirr  iisint;  fur  IrriKJUluK  such  crops  iis  siiKur  liei'ls  ami  run- 
tiiloupfs.  iiiiirli  h-ss  fur  the  irrlKiitloii  of  iilfiilfji  iiml  Kniiii  wIrmu  iiromlscvious 
MomihiK  Is  jsciicriilly  pnictleed. 

i'liiler  "  (Jralii  irrlgiitioii  "  Mr.  Wrlglit  mentions  same  jis  beinK  ueiiernlly  useil 
as  ii  sliiule  crop  for  youiiK  alfalfa.  I  wlsli  he  were  riKlit,  l>e<-uuse  In  my  opinion 
there  Is  no  lietti-r  way  to  jfel  a  kihhI  stand  of  alfalfa  than  liy  stiwlnc  it  with 
sprint;  srain  or  about  the  fore  part  <if  .May  Into  n  crop  of  winter  wlifat,  the 
hitter  iiciuii  i-spccitiily  jinutlcai  on  iiccimnt  of  the  winter  wlieat  iiavliii; 
achieved  i-onsUlcratile  (jruwlli  liy  thiit  lime,  iinil  thus  prevents  (he  rapid  iiakinj; 
of  the  newly  Irrigated  latni.  rnfortunatciy,  however,  only  few  fanners  use  a 
cover  croii  for  aifnlfii  and  naistiy  sow  tin?  Miuie  on  liie  barreu  ground  and  take 
their  ehatK*<>s  on  KettiuK  a  staiuJ.     •     •     • 

CJiiL'slion  1.  Wluit  do  ytm  i-oiisiiler  iiverage  tiim'  tit'ce.^saiT  to  irri- 
gate 1  acre  of  beets  if  full  in  lalorni  is  about  0.6  to  0.8  inch  per  foot  to 
leiifiTth  of  lateral  ? 

Kuus  Bowman  :  Three  Imurs. 

A.  P.  Koons :  Four  hours  If  water  is  clear  or  partly  so. 

r.  K.  Blliin  :  Two  or  throe  iiours.  or  4  to  .1  acres  |ier  day  of  twelve  to  fifteen 
hours. 

About  live  lionrs.  ilepeiiiliiiK  on  the  aiiioiinl  of  water. 

Kriini  thivc  to  four  Imurs. 
:   Willi  full  scttliis;  of  water,  five  tii  six  iiours  on  lencth  of  20 


H.  It.  Kiuins  : 
X.  W.  l.nmon 
n.  L.  Joclmcli 
to  :ut  roils. 
F.  M.  Ilnrain 
Emery  llohb  : 


:  Three  hours. 
FiHir  to  six  hours. 

E.  K.  C'aiUvallader :  I)e|)end»  on  lay  of  land  and  fall  of  furrow;  also  condi- 
tion of  water,  t'lcar  water  reijulres  one-third  to  two-thirds  longer  lime  ilian 
muddy  water. 

Thomas  I.oyiiil :  Two  Imurs  per  acre  siitflcient  with  fair  head  of  water;  kind 
of  soil  and  time  water  is  aiipileii  to  j;overn  to  some  extent  titiie  l-eiiiilreii. 
Josepll  l.oynd ;  Two  and  oii<>iiair  lioiiit*  imt  acre  will)  fair  stream  of  water. 

Qiiestioti  "J.  How  iiiatiy  acres  of  beets  can  yon  irrigate  in  twenty- 
four  liuiir.s^ 

Eni>s  Bowman:  TiiriH'  acres;  my  land  Irrigates  slow. 

A.  P.  Koons:  Fnaii  ."i  to  l.^  acres.  deiieiidliiK  on  (jraile  of  head  difeh. 
P.  K,  Blinn:  Five  and  <!  acres  witli  -lo  iticlies.  Imt  not  soaked  long. 

B.  B.  Kouns:  .\l«ait  10  acres  with  iri<i  to  iiki  inches  of  water. 
N.  W.  Laiiioii:  Fniui  li  to  7  acres. 

D.  L.  Joehiiek  :  .\tK>ut  l>  to  7  acres  witli  plenty  of  water. 

F.  M,  Ilarsln:  From  8  to  10  acres. 
Emery  Itobii :  Ten  to  12  acres. 

R.  K,.  Cadwiiilader :  .VveriiKe  of  ,".  acres  with  i>o-liic1i  head  of  water. 

Thomas  l/iyiid :  ruder  usual  i-onditiims  with  fair  he:id  of  water  10  to  12 
acres  each  every  twenty-four  hours;  size  of  stream  aiul  eonditlmis  of  soli  to  be 
consldereil. 

Joseph  I^iyiid  :  Ten  acres  with  fair  stream  of  water  and  good  land. 
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Question  3.  Do  you  think  nijjht  irrigation  of  beets  advisal)ler 
Have  yo\i  ever  let  water  run  tluring  night  in  your  Ix-et  field?  If  so, 
how  many  hours  i 

Enos  Bon-mnn :  Advisahle  wliPii  no  ixmils  to  fill.  Have  irriKnteil  Roiue  nt 
nigbt  niiU  let  wiiter  run  nil  uiglit 

A.  P.  KoonH :  Ilnre  bad  good  resulti^  nit;lit  niu.  but  prefer  to  nin  day  time,  as 
can  keep  rows  up  better. 

I'.  K.  Blinn :  Vew,  if  well  ditched  and  an  experience<l  iubu  sets  the  water; 
well-drnimil  field  us  to  waHte  water.  If  ran  at  nigbt.  would  stay  as  late  oa 
could  Hec,  and  HA^i  or  4  o'clo<-k  in  the  morning. 

K.  n.  Kouns:  I)o  not  like  to  niii  wiiti-r  at  nigbt,  except  lu  times  of  Hburtuge; 
bowevcr.  bave  nni  at  nljtbt. 

N.  W.  Lanion:  Vex.  |irovldlug  field  will  irrigate  williniit  fliHNjiiig,  liecau.<s<; 
water  applied  during  cool  bours  will  bave  time  tu  settle  before  Ibe  lieat  of  the 
day  and  not  wald  piantn. 

I>.  I,.  .loebuck  :  Yes.  during  lient  of  summer:  on  land  wbere  water  ba.s  slow 
eourw'  about  five  bours;  dislance,  'JO  rods. 

F.  M.  Ilarsin:  I  do.  If  you  stay  with  It,  Most  economical  way  to  irrigate  is 
to  make  lath  boxes,  one  in  eiicli  rvtw.  and  if  litlcrats  are  sni(H>tli  and  regular 
can  irrigate  day  or  nigbt  vvltboiu  Hooding.  Consider  nigbt  irrigation  beat  for 
any  crop,  as  sull  takes  w.ater  lictter  and  eva|Kjralion  not  so  great. 

Kmery  Holili:  Yes,  on  laud  tlinl  will  not  tlood ;  eigbt  to  ten  hours. 

K.  K.  Cadwallader:  Ve.s,  during  early  part  of  season;  I  let  water  run  all 
nigbt,  liut  not  over  six  liours  at  n  time  the  latter  part  of  season, 

TIminiis  Litynd  :  Yes:  especially  after  Hi-st  irrigation  and  during  hot  months. 
Have  irrigated  at  night,  hut  never  ;u  one  place  vvillioiit  clianging  as  often  or 
more  nrten  lliaii  in  day  time.  Have  known  jiartlcs  to  irrigate  all  night  without 
material  damage.     Some  soils,  liowever,  would  wash  or  liake. 

.|ose|i!i  I.,oyntl :  Night  irrigalloti  ailvisahle.  es|H'cljilly  in  hot  weather  or  when 
water  is  sc-arce.     Have  irrigated  all  kinds  of  crops  at  night,  but  stayed  with  IL 

Que.stioii  -I.  I  low  niHiiy  acies  do  you  think  a  good  irrigator  can 
irrigate  in  twelve  hours  with  full  head  of  water? 

Knos  Hovvnian  :  I'Yom  2  to  .">  acres.  ^ 

.\.  I'.  Koons :  .Vverage  alKiut  10  acres.  ^| 
P.  K.  Bllnn  :    Say  with  M>  Inches,  from  4  to  fi  acres. 

B.  B.  Kouus:  If  laial  lays  good  and  not  too  dj-y.  woulii  say  uliout  5  acres,  _ 
N.  W.  Luuion  :  From  3  to  4  acres,  ■ 
D,  L.  ,Ioeliuck :  Three  to  4  acres  on  sandy  loam  soil  with  me<lium  faU.  fl 
F,  M.  Ilarshi:  Not  UKire  than  ,'i  acres  and  do  it  well.  H 
Kmery  Uohli:    .Six  to  8  acres. 

F.  K.  Cadwalliidcr :    On  an  average  of  2,5  ai-res  with  tUl-ini'h  head  of  water. 
Thoioas  lyoyud:    .Vverage  of  (i  acivs  per  day.  conditions  favorable;    it  acre« 
first  irrigation  and  2  acres  better  afterwards  on  same  field. 

•ioscpli  i.iiynd:    (IihhI  irfljralor  can  irrigate  "i  ai-res  in  good  slia|>e. 

(jiie-;ti(ni  .").  W'iiat  do  you  coiisiiler  the  lowest,  liighest,  and  average 
cost  of  irfigatitig  1  siciv.  (igtiriiig  ir>  eent.s  per  hour? 

Enos  Bowman  :    lyowest,  :!i)  cents;   highest,  i^l,~iU;   average,  00  rents, 
,\.  r.  Kootis:   I^)west,  in  cent.s  while  iwM'ts  are  Hniall ;  bigbcst.  25  ceuts  where 
ground  is  cracked  and  beets  larger;   average,  IS  cents. 
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I",  K.  niinn  :   Lowest,  2.'j  cents  ;   lii^hest,  ".">  oetits ;   nverilRe.  33  cents.     Thin  Is 
mero  i^iu>ss\vork. 
U.  U.  Ktiiius :  Ixiwest,  15  ceuts ;  liiKliest.  IKI  Lfiits ;  uverajie.  ;lO  centH 
N.  W.  Luuion  :   Ijowest,  35  t*nts ;   liij;li6>Ht,  5o  (■eiits ;   iiverage,  45  cents. 

D.  L.  Joehuck  :  Ijowest.  2(1  i*(its;   liinlioot,  I'Ai  cents:  aver:iKe.  40  cents. 

!•'.  M.  Ilurslii:  Kroui  25  to  ;M)  ceiil-s  :  nil  tiling's  consiilereil,  ougbt  to  Ik?  W 
to  40  I'PDts  [«'i-  ticre. 

Enift-y  Itolih  r    Lowest,  15  cents :    highest.  30  cents ;   nvernge,  22.5  f'ent.>». 

K.  K.  CiuhviilliitU'r :    Avenicc  .">o  (viits. 

Thoiiuis  Liiyiul :  rsuiil  i-ost  for  IiTipitliiK  1  miv  viirlfs  from  20  to  50  cents 
per  Hcre;    cost  (joverne<l  \ty  condition  of  tlcUl  IrrlKiiteil.     AveniRe,  35  I'ents. 

.Toseiih  I>oyn<l;  lAiwest.  IVl.'t  centn,  even  siirfiKv  iHul  gofMl  slofie;  highest, 
75  cents,  uneven  uml  rough  gi-uund :  nveriige.  5tV25  cents,  farm  ground  In 
general. 

QiiesUoii  (i.  Do  VDii  think  oiu'  can  ijert'orm  otlier  diilies  while 
irripuiiif;  Itcct  cntp; 

Enos  Bowman  :   Do  not  think  thfy  can. 

A.  P.  Koons:  Xo.  »ir;  I  want  evci-j"  row  tliron«!i  iit  tlie  same  time,  ami  this  re- 
quires constant  watclilng. 

r.  K.  Kllnn  ;    Xot  very  well  witli  giNxl  hciul  ;   ml^lit  line  wct^ils  In  beets. 

B.  B.  Kiuins:  If  man  can  take  i-arc  uf  the  water  and  not  waste  tUe  laud, 
be  has  his  liiiiuls  full. 

N.  \V.  I.,amoii :    Xot  advlaahle ;   t<Hi  nnii-li  tliiiiKcr  of  Moodlng. 
I>.  L.  .Todnick.    Ii<i  not  tliink  U  wise.  tliougU  some  do,  and  with  good  results; 
depends  on  soil. 

K.  M.  Ilarsln:  .No;  don't  think  tliey  can.  water  t-nts  ino  many  hreaks. 
Emerj-  Hohh;    Xo;    with  full  liead  of  water. 

E.  E.  ('adwallader;  Can  not  wllIi  fiO-lnch  head  of  water.  Init  c-iii  with  40-IUPh 
bead. 

Tliomas  I^iiynd  :  .\ot  as  a  rule,  nnle.ss  after  first  Irrlgatlnii ;  If  Held  is  ea.sy  to 
Irrigale.  tiii(,'ht  laill  weeds  while  irrigating. 

.Iose|ih  lyoynd  :  Can  do  other  work  if  he  Inis  goo^l  jdece  of  land  and  small 
stream. 

Question  7.  Whicli  croj)  is  more  ilifficiilt  to  irrigate  and  needs 
closer  attentiim.  caiitiiloiipfs  or  sugar  Ix't'tsi 

Enos  Bowman :  .''ngnr  lieets. 

A.  I".  Koons:   Sugar  tioels. 

P.  K.  Bllnii :  H<H-ts.  Iwi-au.se  r^iws  are  smaller  and  more  liable  to  tlood. 

B.  B.  Kouiis:  Sugar  beetx,  but  lioth  will  stand  close  attention. 
N,  W.  I.>umon  :  Sugar  beets. 

D.  r.^  J<H"huck  :  Sugar  beets. 

F.  M,  Ilarsln:   Sugar  beets. 
EnaTV  liobli:   Sugar  ttw'ts. 

K.  K.  ('adw.illaiU'r  :  Sugar  la-ets. 

Tliomas  Loyud  ;   Sugar  lieet.s. 

Josegih  I/nynd  :  Sugar  liwts,  nliove  all  other  crops. 

Question  K.  IIow  tniiuy  inrhes  (in  depth)  of  water  do  yon  consider 
?iecessarv  for  one  irrigatiun  uf  heets?  IIow  many  ucre-fii't  for  the 
season  in  onler  to  raise  and  mature  the  crop,  rainfall  not  taken  into 
consideration? 
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Eaon  BowTiinn  ;  run  iiol  iiuswer. 

A.  P.  KiM)us ;  Ciurt  sii.v  in  IiiHii-h;  aim  to  mm  water  pretty  full  liend  iin 
goon  thr<iii(;ti  rows.  tUen  i-ut  off  until  nil  Kiie«  intii  (jniinul,  wet  u\>  tn  jthint.s.  then 
change. 

P.  K.  Bliini:   I'tiiliiilil.v  <i  lo  H  ini'lics  |ier  aiTe-fool  ;  fnur  to  live  irrigatious. 

B.  n.  Kouns  :  Klfleeu  lo  twenty  Inc-bes  deeii:  from  fonr  to  six  thorough  Irrl- 
KUtloiis. 

N.  W.  Ltinion :  From  2  to  2.25  Inches ;  fr-imi  s  to  l>  lucheK  per  aeiixun. 

D.  L.  Jitphiirk  :  One  iinJ  thrm'-fonrtlis  Inilit-s  for  one  IrriRatiun.  ami  alH)ut 
two-thirils  acre-fiutt  for  the  season. 

h\  M.  Uarsin ;  For  iMie  irrlKation  17ii  Ini'Iies,  allowlnn  I  iiieU  to  row;  for  three 
IrriKations  (i  liiehes.  or  I.iiot!  for  sea^«oll. 

Rinery  UoliU:   I  ilo  not  know. 

K.  K.  (,'a<lwallii(ler :  Can  not  answer. 

ThonniK  I^oyiul :  Three  to  four  lucliex  for  each  Irrigation  ;  n  to  12  Indies  should 
be  fiulficlent  to  mature  a  cr<j|>  if  iirojierl.v  aui'llefl.  with  intensive  cultivation  an 
a  fireservatlve,  nature  of  hoII  anil  sulmiolstvire  to  l>e  nnisidereil. 

Jose|(ii  Loynd  :  Tlirec  in<-lies  for  one  irrit;atioii.  and  1  aiTe-fof)t  if  cultivated 
l»ro|H'rl.v. 

Question  9.  How  many  ucivs  of  cantaloii[)es  luu  one  irrigator  water 
in  twelve  hotii>i? 

Enos  Brtwnmn :  From  2  to  UK 

\.  P.  Koons:  Twenly-Hve  acres. 

P.  K.  Hllnn;   Sl.\  to  eislil  acres. 

H.  n.  Kouns:   From  o  to  2n  iu  res.  nc<X)rdlns  to  the  land  and  iiuiotuit  of  water. 

N.  W.  l.anion  :   From  12  to  18. 

D.  L.  .Toehuck  :   .\liout  Hi  acres  on  snniiy  loam  with  sutticient  water.  

F.  .M.  Ilarsin  :   From  ."i  to  7  ncrcK  on  Koml  land  witli  even  fall. 
Kinery  Rolih :  From  8  to  12  acres. 

E.  E.  OndwHlluder :  Ten  acres  under  favoruhle  conditions. 

Thomas  Loynd  :  (Jood  irrigator  can  water  S  to  10  acres  cantnlouijcs  In  twelve 
hours. 

•Toseiih  Loynd  :  (Jood  irri«ator  can  irrigate  15  acres  in  twelve  hours  if  ground 
Is  In  good  slia|»e. 

Question  10.  I  low  mmiy  iiifhes  (in  depth)  of  water  are  necessary 
for  one  irrijration  of  t'aiitiiloupe.s;  uinl  intw  many  acre- feet  for  season? 

Emm  Bowman:  fan  not  anssver. 

A.  P.  Koons:  If  can  uel  my  plants  to  vining  stage  without  water,  think  It 
liefter,  then  Irrigate  four  limes  In  tin-i-e  weeks  and  a  couple  of  times  after  tliey 
begin  to  ri|H'n;   no  water  lietween  rows;  takes  twice  as  much  water  tor  lnH-ts. 

P.  K.  Ulinn  :  From  sl.\  to  eiglit  irrigations;  prohalily  less  water  than  lieets. 

U.  B.  Koiins :  From  8  to  10  Inches  every  ten  days  the  entire  .season. 

N.  W.  La  won ;  From  D.TO  to  t  inch,  and  about  o  Inches  per  season. 

D.  L.  Jnehuck  :  riavlng  only  2  feet  of  each  furrow  to  irrigate  every  f.  fe<>f 
apart,  altout  0.75  acre-ini'h  fi>r  each  Irrigation,  or  i>.2r>  acre-fiK)t  for  season. 

F.  M.  Uarsin:  About  2  inches  in  di'iitli  ami  (i  inches  for  season.  This  lueaus 
in  dry  weiither. 

Emery  (tolih:  l>o  not  know. 

E.  E.  I'adwaliadcr :  fan  not  answer. 

Tiiiinni.'t  Loynd :  Think  cantnlouiM>s  can  lie  irrigatetl  with  one-third  less  water 
than  iMH'ts  and  crop  maturwl  witli  from  •!  to  8  inches  of  water  i>er  season  under 
normal  ooudltious. 
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JoBepb  Loynd :  One  Inch  for  one  irrigation  and  5  inches  for  season,  if  cared 
for  properly. 

The  report  was  also  sent  to  Thomas  Berry,  chief  engineer  of  the 
Arkansas  Valley  Sugar  Beet  and  Irrigated  Land  Company.  Mr. 
Berry  approved  the  report  as  a  whole,  but  in  regard  to  Mr.  Wright's 
statement  that  the  silt  in  the  river  water  was  regarded  as  a  distinct 
advantage  had  this  to  say : 

The  experience  under  the  Amity  canal  is  that  with  muddy  water  the  ground 
Is  covered  very  rapidly,  but  the  irrigation  Is  not  so  good  as  with  clear  water. 
With  the  latter,  time  and  the  quantity  of  water  befng  the  same,  better  crop 
results  are  attained  than  with  silty  water.  On  the  8teei)er  slopes  clear  water  is 
de<-ldedly  preferable  to  silty  water,  but  on  the  flatter  sloi>es  the  results  are  more 
nearly  sluiiiar. 

The  report  was  also  sent  to  Mr.  William  Aukland,  Olney,  Colo. 
Regarding  the  use  of  muddy  water,  Mr.  Aukland  says: 

My  experience  has  ijeen  that  the  more  silt  the  better  the  crop  of  beets  or  any- 
thing else.  I  always  used  nil  the  muddy  water  I  could  last  season.  In  some 
parts  of  the  beet  fields  on  my  farm  the  silt  was  2.5  inches  thick. 

Mr.  Aukland  emphasizes  the  value  of  irrigation  for  seeding,  .stating 
that  it  has  a  tendency  to  make  the  beets  when  starting  follow  the 
moisture  down,  thus  securing  much  longer  and  better-shajjed  beets. 
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THE  IRRIGATION  AND  DRAINAGE  OE  CRANBERRY  MARSHES 

IN  WISCONSIN. 

By  A.  R.  WHIT80N, 

Profexsor  of  AgrivuUurai  I'hyxicn.  I'tiirrmilu  of  W'iMionnin,  and  Phynlrist 

Wi»i'onKln  Affrlculturai  Hxiivriiiirnt  .Sliilinii. 

INTRODUCTORY, 

The  crunl>errv  is  a  native  of  Wiscoiisiiu  uiul  is  found  growing  in 
abundiiuw  on  many  of  tlie  niursiics  of  the  State.  ludcwl,  np  to  ten 
years  ayu  practinilly  all  of  this  fruit  harvested  in  tlie  State  was  gutli- 
ered  from  these  wild  marshes.  Tiie  j;reat  forest  anil  niarsli  Hres  of 
1894  and  1895,  however,  imrned  off  hirge  parts  of  tliesc  cranl)orry 
marshes  and  very  jrreatly  rechieed  the  yield,  i'p  to  that  time  very 
little  was  done  to  eoutrol  the  conditiuiis  for  crauherry  cLiIture.  Sinee 
then  it  has  become  evident  that  sucressful  cranberry  raising  re(|uires 
a  fidl  imderstandinp  and  control  of  these  conditions,  and  the  agi'i- 
cultural  ex|KM'imi'Ul  station  iias  been  called  on  to  aid  in  the  study  of 
these  matters. 

The  legislature  of  li>0'J-3  passed  nn  act  May  10.  l'M'\,  appro[>riating 
the  sinu  of  $:i..>(>U  per  year,  for  two  yeai's,  to  aid  in  the  devehipnient 
of  tlie  cranlx'rry  industry  of  the  State  and  in  I'arrying  on  investiga- 
tion>>  pertaining  thereto.  The  woi-k  was  |)laced  inidcr  tlie  ilin'ction 
of  the  deparluients  of  agricultural  physics  and  hortieullure.  In 
addition  to  this,  we  have  secured  aid  from  the  (leueral  (iovernmeiit, 
and  the  study  of  the  iisi>  of  water  in  cranlwri-y  growing  has  been  car- 
ried on  by  thi-  de[)artnienl  of  agritMiltural  physics  in  c<M)]jera(ion  with 
the  irrigatif>n  and  drainage  investigations  of  the  OHice  of  E.\i>eri- 
ment  Stations  of  the  riiited  States  Department  of  Agricultiu-e." 

After  looking  about  for  a  suitable  tract  of  huul  for  cranlterry 
growing  and  experimental  pnrposes,  it  was  decided  to  accept  the 
offer  <tf  the  Wisconsin  CranlM-rry  (ii-<)wers"  Asstn-iation  of  their  sta- 
tion for  a  nominal  consideration,  and  a  lease  was  executed  for  a  period 
of  fifteen  years,  at  the  option  of  the  University  of  Wisconsin.  This 
.station  is  located  iir  (he  center  nf  a  largi".  im])orlant  ci'anberry- 
growing  section,  about  II  miles  southwest  of  tJrand  Ka|)ids  and  4 
miles  iKtrlh  of  Cranmoor.  a  station  on  the  Chiciigo,  Milwaukee  and 
St.  I*aul  Railroad.  The  trad  consists  of  alMuit  10  acres,  a  small  por- 
tion Ix'iug  elevatett  .somewhat  above  the  general  level  of  the  marsh. 
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Upon  this  elevation  a  two-room  cottage  was  erected,  servings  as  an 
office  and  room  for  llie  attendants. 

The  {'nmlierrv  (irowers"  Asso<Mation  inid  on  tliis  station  some  150 
so-calleil  varieties  of  craiilierries,  collected  from  different  parts  of  the 
World.  These  and  other  i-ranberry  vines  were  inclinlcil  in  the  lease. 
Thus  it  will  be  seen  that  the  university  was  materially  aided  by  hav- 
ing a  hir^e  ani()nnt  of  the  piouei'i-  work  started. 

Due  to  the  liiteuess  of  the  (ime  at  which  the  hill  was  passed,  little 
but  preliminary  work  could  lx>  done  the  first  year.  It  was  necessary 
to  fret  the  marsh  into  a  suitable  condition  for  i)lantinj;  and  experi- 
mental work.  The  problem  of  udefpuUe  drainage  and  water  supply 
had  to  Ix'  solved.  Ditching,  scalping,  and  sanding  had  to  l^e  done 
preparatory  to  iH'gimung  the  investigation.  Most  of  this  prepara- 
tory Work  was  linished  at  the  i^'giiuiing  of  the  present  season. 

CONDITIONS  NECESSAKY  FOR  CRANBERRY  GROWING. 

Raising  cranl>erries.  like  raising  all  other  small  fr\iit,  requires  a 
large  e.xjH'udilure  of  ca|)ital  anil  lalioi-  ui\  a  small  aiva  of  ground. 
It  is,  therefi)re,  of  the  utmost  ini|>ortance  that  the  location  l)e  care- 
ftdly  selected  with  reference  to  the  conditions  essential  for  success- 
ful cratdxMTV  growing,  which  are.  lirst.  a  |iro|M'r  soil:  second,  a 
sufficient  supi)ly  of  suitable  water;  third,  adequate  <irainage;  fourth, 
suitable  to]>ography  for  handling  water,  and,  fifth,  accessibility 
to  railroad  and  other  means  of  communication. 
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BOIIi  AND  FEKTILIZERS. 

The- cranberry  plant  will  grow  on  a  wide  variety  of  soils,  but  the 
character  of  the  soil  has  a  great  iuHuenci'  on  tlu'  character  of  the 
plant  and  amount  of  fruit  produced.  Wlu'u  grown  lai  clay  or  oliier 
fertile  soil,  the  plant  usually  makes  a  heavy  growlli  of  vines  but 
does  not  fruit  well,  and  there  is  ji  growth  of  weeds  which  are  expen- 
sive to  eradicate  and  endanger  the  cranlM'rrv  its<'lf.  This  fact  makes 
it  desirable  t<)  grow  (he  <'ranbcrry  i>n  sand,  light  nuiek,  or  peat. 
Of  these,  [leat  is  far  ibe  most  desirable  and  is  the  soil  on  which 
cranU-rries  are  chieHy  raised.  The  peat  is  best  adajited  to  this  plant 
because  tlu'  topography  i>  usually  adndrably  ada|>ted  to  the  us<*  of 
water,  and  because  it  is  so  easily  ditched  and  affonls  goml  nniterial 
for  the  construction  of  the  dams  and  dikes  re(|nired.  as  well  as  iiccause 
the  acidity  of  this  soil  seems  favoralde  to  the  grov\lh  and  fruiting  of 
cnud>erry  viiu's. 

The  peat  varies  in  (h»|)th  and  coarseness  from  a  few  iiu'lies  to  10 
or  111  feet,  or  even  nuir*',  and  through  all  stages  of  decomposition 
from  coarse,  loose  s|ihagnum  moss,  from  which  it  is  very  largely 
formed,  through  the  fhu-r  and  more  compact  forms  of  peat  to  the 
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deoomposoil  form  of  muck.  Tlip  prroTrth  and  fruiting  of  the  fran- 
berrii'S  arc  very  larfr*'iy  iiifliiciuvd  by  tho  L'liimictor  of  tlio  pt-jit  on 
which  they  are  grown.  In  general,  the  coarser  and  deeper  the  |)eat 
the  more  runk  sind  vigorous  is  the  growtli  of  the  vines.  It  is  possible 
tiiat  the  fruiting  is  not  quite  so  heavy  on  these  coarser  grades  of 
[H-at,  but  certainly  in  many  instances  extremely  heavy  crops  have 
Imm'ii  I'aiscd  on  very  course  peat. 

It  is  ilesirahle  that  tlie  soil  of  ilie  whole  of  each  plat  Ix"  of  a  uni- 
form character,  both  as  to  dei)tli  of  peat  and  texture:  tl»e  first,  in 
order  that  there  may  rutt  l»e  uneipml  settling  of  the  ground,  leaving  it 
uneven.  an<l  the  second,  in  onler  thul  the  Ijorries  may  come  to  matur- 
ity at  the  same  time  over  the  whole  plat. 

Tlie  crnnlierry  fruit  contains  a  relatively  small  amount  of  dr>' 
matter,  varying  from  8  to  15  jx'r  cent,  and  of  this  dry  matter  only 
about  2  per  cent  is  ash.  The  fruit,  therefore,  takes  but  small  amounts 
of  mineral  matter  fi'om  the  soil.  According  to  analyses  of  this  ash, 
made  i)y  (he  Massachusetts  and  New  Jersey  experiment  stations,  a 
crop  of  100  barrels  wouhl  take  from  an  acre  about  in  pounils  i>f 
potash,  4  pounds  of  lime,  and  :i  |niunds  of  ])hos]jhoric  acid.  While 
these  amounts  are  not  more  tlian  one-fourth  what  good  yields  of  the 
staple  fann  crops  take  from  good  soil,  it  must  be  rememtjered  that  in 
the  condition  in  which  cranberry  Iwigs  are  ke[)t  the  amount  of  these 
elements  which  l)ecome  availalile  to  j>lants  eai'h  year  is  com|iaratively 
small.  It  is  therefore  quite  jM>ssible  that  the  use  of  moderate  amounts 
of  artificial  fertilizers  may  he  necessary  to  <'ontimiously  secure  g<M»d 
yields.  This  has  been  tlie  experience  on  the  bogs  of  Cajie  t\nl.  where 
intensified  cultivation  has  lx*en  rewarded  with  very  large  yields. 
Kx]>eriments  on  the  use  of  fertilizers  have  been  begun  on  the  station, 
but  have  nut  had  time  to  give  definite  results. 

IRBIOATION,    DRAINAGE,   AND  SANDING  AS  A  MEANS  OF 
PROTECTION  FROM  FROST. 

The  passing  of  cold  waves,  with  the  attending  possibility  of  frost, 
is  a  matter  of  gi-ave  importance  to  the  craid>errv  grower.  In  fact, 
so  injurious  are  these  cold  waves  and  frosts  in  cratd)erry  cidture  that 
the  one  gi-eat  aim  of  cranlierry  growers  in  this  Stale  has  Ijeen  to  secnrt? 
means  of  protection  against  frosts  and  better  methoils  of  foretelling 
tliem.  The  im|>ortance  of  tliis  matter  can  Ik-  Ijctter  understorul  when 
it  is  known  that  on  the  night  of  August  s.  |!»0-l,  a  loss  was  sustained, 
by  a  frost  which  came  unex|>ectedly,  to  the  extent  of  about  W  per 
cent  of  the  entire  crop,  amounting  in  value  to  approximately  $'J00,O(N(. 

WEATHER  FOBECASTINO. 

During  tlic  ]iast  year  the  rnited  State.--  W'eatlier  Hun-au  has  uiuler- 
taken  to  furnish  special  forecasts  to  these  regions,  and  for  this  pur- 
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p<ise  established  thrt'e  or  foiu*  special  stations  over  the  moorlands  of 
the  central  part  of  the  State.     Daily  reports  were  sent  from  each  of 

(ln'se  stiitions  to  tht'  ceiunil  stiitioii  iit  Cliiriifjo.  and  whenever  the 
coudititms  were  such  as  (o  indiciite  the  probaliilily  of  frost  special 
warnings  were  sent  to  esuh  <»f  these  stations  for  the  Iwnefit  of  the  cran- 
berry growers.  Iliiwever,  lis  oiily  the  <inliiinrv  reports  were  sent 
from  these  stations  their  forecasts  couhl  Ix-  made  oidy  as  they  are 
made  for  other  places — that  is,  a  forecast  of  the  weather  that  would 
prolmbly  follow  the  imtveiiicut  <if  general  cyclonic  waves. 

A  comi>:irisoii  of  the  temperatures  at  any  of  the  marsh  stations  with 
tho.se  of  a  highland  station,  as  at  La  Cros.se,  shows  that  while  the 
minimum  teuiijci'iitures  o^vr  the  tiiai-sli  region  are  affected  in  general 
by  these  cyclonic  waves  there  are  focal  conditions  whicjj  have  a  ninch 
greater  elfect  in  producing  frost.     This  subject  will  be  discussed  later. 

LOCAX  CONDITIONS  WHICH  INFLUENCE  FB08T  FORBIATION. 

It  is  a  uialtcr  of  common  experience  that  the  air  in  hollows  and 
small  valleys  liccoines  cooler  during  tiie  night  in  tlie  summer  and  tlnit 
frosts  arc  nuich  more  likely  to  occur  in  such  [daces  than  on  the  sur- 
rtHinding  higher  lands.  However,  this  can  not  account  for  the  fact 
that  frost  often  does  nt>t  m-cur  uniformly  over  a  liroad.  level  moorlan<l. 
but  forms  in  patches.  Careful  ob>crvalioii  (iuring  the  pa.st  sea.son 
has  brought  out  the  fact  that  these  patches  of  frost  are  where  the 
marsh  is  ixMirly  drained  or  covered  with  weeds,  gra.s,s,  and  nios.s. 
while  often  clean,  wdl-ilrained,  or  sanded  land  escaped.  It  is  thus 
quite  eviilent  liiat  local  conilitiotis  over  the  level  marsh  regions  are 
(he  controHlug  factors  in  frost  foi'uialion. 

That  local  conditions  as  well  us  general  meteorological  conditions 
must  \ye  studied  in  determining  the  pr<»i)al»ility  of  a  frost  is  shown  also 
by  the  great  Hiictiiation  in  the  variation  of  ific  minimum  tenvperature^ 
iK'tween  (iraud  Kapids,  locateil  on  the  harcl  land  ah)ng  the  Wisconsin 
Kiver,  and  the  State  experiment  station,  lu  miles  wast,  in  the  center  of 
the  Cranmooi-  moorland  tract.  The  daily  reports  dui-iug  the  first 
foul'  days  of  ihe  month  of  .Iidy  of  the  j)ast  year  showed  ihe  variation 
of  the  niiniinnm  temperatures  between  the.se  two  places  to  lie  7°  to  10° 
F.,  while  on  the  next  day.  without  any  ajiparcnt  cause,  the  difference 
reacheil  -i;}-,  coming  ImcU  again  to  a  tlifferenc<'  of  3°  on  the  night  of 
the  (>th.  A  c()mparison  of  the  niininnim  temperatures  during  the 
month  of  .\ugust,  15>04,  between  the  marsh  stations  and  those*  of  the 
hard  hnuls  show  many  such  variations.  These  temperatures  are 
given  in  the  following  table.  Appleton  Marsh.  City  Pi>int,  and  Cran- 
lierry  Ex|per-imcnl  Station  are  located  on  the  nnir--h.  or  nuxtrlaiid  tracts, 
(irand  Uapids  is  located  on  the  high  lanil  alniut  10  miles  east  of  the 
Cranbery  Experiment  Station,  and  La  Crosse  is  located  on  high  land 
about  75  miles  west  and  a  little  south  of  the  Cranberry  ExjH'rinient 
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Station.     These  stations  are   all   within   n    rofriim   whif.'li    vvoiihl   be 
inrludeij  in  a  siiifrh^  general  |»re(licti«iii. 

Maximum  uml  minimum  trmiicralurcit  and  variatloiit  for  August,  J904. 
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The  conditions  which  dcteriuine  the  tihsorptitm  ut  radiant  energy 
by  llie  earth  and  its  radiation  diirinir  the  iiifrht  uri>  the  cDndilioiis 
wliieh  mainly  eoiitrul  the  forniatiun  of  frost.  The  two  faetors  most 
prominent  in  tliis  absorption  of  terrestrial  radiation  are  water  va]»or 
and  carlMni  dioxid.  .Tnst  what  part  eaeh  plays  in  this  absorption 
has  bct'n  a  matter  of  eonsiderable  study,  and  as  yet  bnt  little  is  known 
as  to  their  coinpurative  values. 
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^H  INFLUENCE  OF  HUMTDITY  ON  THE  OCCURRENCE  OF  FROST. 

^H  The  statement  very  eummoiily  made  that  night  frosts  occur  onJj 

^H  with  a  dear  sky  itiid  dry  air  dues  not  always  liokl  true  in  marsh 
^^  regions.  On  tiie  tiigiil  of  June  1-2.  I'.'fW.  a  killing  fn)st  orrnrrod  over 
the  nioorianils  in  central  \\'ooil  Coiinly.  aillioiigh  tin-  ]>oint  of  satura- 
tion was  reached  at  4"*^.  This  was  determined  early  in  the  evening 
with  a  wet  and  dry  bulb  thermometer  and  later  by  direct  observa- 
tion when  the  tempfratnre  of  4")"  was  reached,  and  akhongh  this 
condition  was  reached  by  8  o'clock  that  night  water  was  freezing 
over  the  surface  of  the  nuirshes  iR'fore  1:^  u'rhick.  The  temperature 
cui've  for  this  night  was  apparently  unair<'cted  when  the  saturation 
point  was  reacheil.  Either  the  condition  wliich  i)roduees  ai)s<)rption 
of  heat  in  the  atnios]jhere,  thus  keeping  np  its  temperature,  must 
have  been  abnoriiially  low  on  this  night  t>r  else  the  factor  which  dis- 
sipates this  heat  as  radiant  energy  nuist  have  been  abnormally  active, 
Ijecaust-  the  amount  of  nuiisture  is  known  ordinarily  to  lie  a  hirge 
factor  in  determining  the  minimtuii  teuqieraliire  of  the  night.  This 
is  due  not  only  to  the  amount  of  hitent  heat  given  up  in  the  condensa- 
tion of  the  nuiisture.  but  also  to  the  aid  of  this  moisture  in  the  air 
I  in  al)sorbiug  the  heat  which  is  nuliateil  from  (he  soil. 

^K  I  It  will  thus  be  seen  that  whih>  (he  determination  of  the  dew  point 
^^  can  not  Ih-  relied  ui>oii  absolutely'  in  forecasting  frost,  it  is  often  a 
great  help  and  convenience  to  know  it.  For  the  U^netit  of  those  who 
desire  to  use  this  method  a  brief  outline  and  table  for  the  determina- 
tion are  hercwilh  given.  The  ajiparatus  consists  of  two  thermom- 
eters mounted  together,  one  with  a  wet  and  one  with  a  dry  bulb. 
To  determine  the  dew  point,  or  point  of  saturation,  with  a  palm-leaf 
fan  or  some  other  similar  device  kee|>  the  air  in  ra]Md  motion  about 
the  bulbs  oi  the  two  thermometers  un(il  the  mercury  (breads  in  the 
stxuns  have  become  stationary.  The  evaporation  from  the  bidb  of 
the  wet-bulb  tlici-uiometer  will  absorb  the  lieat  fi'om  the  bull>  itself, 
thus  causing  this  thermometer  tu  fall  below  (he  tenipi'niture  of  the 
dry  bulb  if  the  point  of  saturation  has  not  already  been  ivached  in 
the  surromuling  air.  The  dirt'erein'c  in  temjieruture  as  shown  by  the 
two  thermometeis  is  noted  and  from  the  acct)mp!vnyiug  tabic  the  dew 
point — that  is.  the  temperature  at  which  the  dew  will  begin  to  fall — 
nuiy  l»e  detcruntu'd.  For  exam])le.  if  the  difference  between  l!ie  wet 
and  dry  bulbs  Iw  4-  and  the  temperature  of  the  air — that  is.  of  the  dry 
bull» — be  55°,  follow  the  column  headed  4^  down  to  opjxisite  the 
number  55  in  the  outside  colmnn  tif  the  table.  The  ntmiber  located 
in  this  way  indicates  the  dew  point — 18"  in  this  case. 
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The  ilaily  varitition  in  toniperntiiro  aver  marsh  reprions  is  usually 
^up[)os*»ll  to  Ih"  less  than  that  over  siirrouiulin<r  hifihhiiids.  (hie  lo  wkjI- 
iiig  l)y  cvajKjration  (liiriiij;  thf  thiy  atul  the  Iccepiii<;  up  of  the  ti'iii- 
]>craliirt»  by  coiuh'iisatioii  ilurin<r  thi-  nifiht.  However,  (lie  daily 
variations  piven  in  the  faljleon  pa<re  ()21)  sliow  itiat  the  ninfje  is  frreater 
at  the  A])pletoii  Marsli,  City  Point,  ami  the  C'ranlH'rry  Kxperiioent 
Station  than  at  the  hiylihmd  stations,  (iiund  Kapids  and  La  Crosse, 
The  most  striking  difTeiviiee  is  iiotiivd  between  (Jrand  Rajiids  and  the 
Cninlterry  Kxpeiiinent  Stalion.  two  stations  loeated  only  aliont  10 
miles  npart,  thus  l)ein<;  affected  llie  siiine  In'  general  storm  move- 
ments, tlie  ditfereiice  recorded  hcinfi  due  alone  to  hx-al  eoiiditions. 
The  daily  maximum  and  miniminii  leni|H'i-atiire,s  for  these  places 
show  that  the  minimum  teinperatiir»'  is  not  only  lower  at  the  niarsli 
stations,  iait  that  the  maxinntin  wiis  in  most  cases  liigher  at  the.se 
j)()iiits  than  at  the  ailjacent  hijridand  slatioiis.  Tlie  Iwal  conditions 
which  [iroduir  lliese  etlVcts  can  not  with  our  present  knowledge  Ik- 
accounted  for.  A^'htitever  these  local  conditions  may  he,  they  are 
prohahly  beyond  our  control. 

MEANS   FOR  PREVENTION   OF  FROST. 

There  arc  many  things  in  the  practical  o])eration  of  a  cnmlM-rry 
marsh  which  may  be  done  to  help  control  temperatiiivs.  We  have 
wen  that,  while  the  local  cniid'tioiis  of  the  atmosphere  have  much  to 
<h)  with  the  onitrol  of  temperature  by  the  absor[)tii»n  of  heat,  the 
earth  is  the  source  from  which  this  heal  comes,  ami  while  we  can  not 
control  the  factors  which  affect  ahsoi'plion  by  llie  air.  we  can,  in  a 
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iiieiisure.  iiilliiciife  tlic  akMirplioii   iirnl   rjuliiukiii   l>v   tho  s<}il.      It  |P 

evident  that   in  order  to  seouiv  the  iinist   fiivi)nil>le  rontlitions   for 

both  :ilis(H-ptioii  Mild  rudijilioii  il   is  neces.siiry  to  keep  tlic  groiiml  as 

free  from  coveriiig  us  p(»ssib!e.     The  table.s  of  niiiiinuiin    tein|>ora- 

tures  for  July  and  Aiign.st,  taken  over  baiv,  .samk'd  ln>jr  in  «)ne  case 

and  over  a  boji  covered  with  ii  mat  td'  fi:rass  and  vines  in  the  other 

show  a   variation  as  liigh  as  13     in  favor  of  the  bare,  sanded   l)oe. 

Miiummii  teni|K-ratui-es  on  the  (Jaynor  Ilhickstone  inarsli.  where  the 

Ixij^  is  covenMl   witli  a  .-iort   of  bhiiiket   of  dead   'Tkss  and    •'■rowiii^ 

vegetation,  show  temjM'ralnrcs  at  most  times  a  littk'  \ielow  tho.se  on 

(lie  bog  covered   with  cleaiv  vines.     These  fact.s  are  sliowii   in    the 

f<illi)\viiifj  (idile: 

Minimum  Ifmiirniluirx  uvrr  harr.  HiDiiinf  pltitx  ami  adjucrnt  pliil»  covered  irillt 
ilrail  yriiHK,  miitlril  liiicii,  itml  yrutriitji  vritrtulinn. 
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1                The   data   given    in    compari.soii   nf   tlie    leni]ieratnre.s  over   bare. 

snnih'd    bn<f   iiinl    bojr  coveri'<l    with    irniss   and    frrnwing    vegetation. 

showing  a  ditfereiiee  in  temperature  in  favor  of  tlio  sanded  l)og.  can 

not  Iw  considered  to  mean  tliat  the  covering  in  the  one  aise  whs  the 

soh-  cau.s*'  of  ditference.     Tbe  low  specilic  lieat  of  sand  and  the  con- 

s»f|uent  high  heating  of  it  dnriiig  liays  of  sunshine,  and  also  the 

lack  of  evaj)oration  over  its  surface  lieoause  of  the  lack  of  capillarity 

for  Itringing  water  to  the  stirfiue    render  it  especially  valuable  as  a 
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consorver  of  heut.  It  will  thus  he  stHJti  tliiil  siinding  uiul  keopiiijj 
free  from  wet^tls,  grassoi*,  or  any  fonn  of  useless  vegetation  over  tho 
liojj  are  two  very  important  factors  in  protection  from  frost,  espe- 
ciiilly  on  newly  jilanted  bogs. 

DRAINAGE. 

There  is  a  Ihini  eonilition,  and  one  wholly  within  tla-  control  of 
Jill  cninlxM-ry  growers,  which  is  perhaps  of  greater  importance  than 
all  the  others  together  as  a  means  of  frost  pi-otection— that  is,  drain- 
age. The  etfect  of  thorough  <lriiinugo  by  the  use  of  deep  and  close 
ditches  in  aiding  in  protection  from  frost  can  hardly  l>e  overvalued. 
Tlie  State  ex|H'riment  station  has  gone  ihrongh  tlie  past  sunmier,  in 
which  there  were  several  frosts  and  one  or  two  very  hard  frosts, 
without  any  loss  from  freezing  whatever,  notwithstanding  the  fact 
(hat  ciTtain  parts  of  the  bog  were  not  flooded  once  during  the  season. 
On  oilier  adjoining  maI■she^  flooding  was  resorted  (o  many  times 
during  the  summer  feu-  [ii-otection,  and  yet  a  loss  <if  about  (it)  per  eent 
of  the  total  crop  was  sustained  on  the  morning  of  August  8.  Wlule 
this  protection  on  the  station  was  not  due  to  gooil  draimige  ahuu-. 
there  is  no  dtuibl  lliat  it  had  uuich  to  do  vvilii  warding  otT  tlie  frost. 
And  the  three  conditions  al>ove  mentioned — that  is.  giMid  drainage, 
sanding,  and  freedom  from  excessive  vegetation — are  the  only  condi- 
tions which  could  accoimt  foi-  this  cxti-ii  protection  to  the  station. 
The  influence  of  these  factors  on  the  tem|>eratiire  of  the  soil  and  of 
the  air  above  it  is  vei'v  clearly  shown  in  the  fo!lt)wing  tables  of  tem- 
peratures.    .Ml  of  these  plats  are  within  a  few  rods  i»f  each  other. 

Section  A,  plat  1,  was  well  vined,  free  from  weeds,  an<l  had  good 
drainage.  Section  B.  |dat  H.  was  well  vined.  fi-ee  fi-om  weeds,  bnl 
had  water  held  at  ihe  surface,  'llu'  sand  section  had  no  vines,  no 
growing  vegetation,  and  good  <lrainnge.  Company  marsh  was  well 
vined.  liad  ])<M>r  drainage,  and  was  heavily  covered  with  a  mat  of 
old  vines  and  vegetation. 

Huurlu  iempvralurca  of  nioht  of  (rout. 
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The  Uibli-  fi)l!<>wiiig  shows  tlie  relative  rate  of  fal!  in  the  tempera- 
ture (if  the  atiiKisjtliere  at  ditfcreiit  lieights  over  hog  held  under  dif- 
ferent cotiililions. 

Sectiuii  A,  ])liit  1.  was  well  vined,  free  from  wee<l.s,  and  had  g(M>d 
draiiia^^e. 

Section  IJ,  phit  1,  wns  well  \ine«l,  free  fnnii  weeds,  iind  luid  good 
di'aimtfre. 

Sinid  siM'tion  had  no  vines,  no  vegi'tation.  and  good  dniimige. 

Seetioii  ]i.  [Ant  8,  was  well  viiied,  free  from  weeds,  nnd  had  water 
held  lit  tlie  surface. 

Himrli/  trmpemture*  of  air  on  night  of  fntitt. 
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The  folhiwing  tahle  shows  the  relative  rate  at  whieh  the  soil  loses 
its  heat  under  ditfereiit  conditions,  the  higher  rale  lieing  more  con- 
dneive  to  the  kee|)in<j;  up  of  tlie  (eniperatui-e  of  (he  atmosphere. 

Section  B.  plat  1,  was  a  section  of  vines  free  from  weeds  and  well 
drained.  Section  H,  plat  8,  wn.s  a  section  of  vines  fre<»  fi't>m  weeds, 
l)U(  with  the  water  held  at  the  snrfacc.  C"oiri]>jiny  inar>h  was  a  sec- 
tion of  vines  jjoorty  ih-aiiied  and  with  a  heavy  covering  of  old  dead 
grass  and  thickly  gi'owing  vegetation.  Bare  peat  was  a  section  well 
drained  and  with  the  l»are  pent  hog  exposed.  I'nder-moss  teiiijjeru- 
ture  taken  on  a  section  heavily  covered  with  sphagnum  moss. 
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SoU  tt'iHiii'ivtuirii  Ijfloir  mirfuvc. 
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n,<M)i)iNi!. 

Th*'  soli'  iiictltful  iistnl  herctofni't'  tliruujjiioitl  the  Statu  ttf  Wiscon- 
ssii»  fur  protection  apiitist  frost  has  l^et'ii  that  of  HiKxlitijir  tlic  marshes 
with  water.  This  incthod.  wlierc  tin-  system  for  liniulliii«r  thu  wiiter 
i.s  so  iirraTijn'd  that  it  may  lie  done  rapidly  and  when?  the  tempera- 
ture of  the  water  is  siiflieieiitly  hiirh.  has  proved  very  effieient,  and 
will  douhtless  always  remain  the  siire.st  ]jn)ler-tion  apiinst  severe 
frost,  but  it  may  ofttiiiie.s  Ik-  used,  and  iindoiihtedly  is  u.sed.  to  the 
very  serious  dauui^e  of  the  erop.  This,  of  eours*',  means  a  thoroujih 
H<M)diii<i  of  (he  miirsh  or'  a  i1iM)ilin<r  wliere  it  is  nei'e.s.sa ry  to  put  the 
berries  utuler  water.  However,  smh  heavy  flooding  is  necessary 
only  duriiip  the  later  imrt  of  tin-  season,  when  hanl  fi-osts  iK-eur.  and 
this  melho(l  of  pt-Dtfctinii  may  he  well  and  safely  us<;'d  for  the 
occasioiud  mi<[  iiutimt'ly  frosts  of  summer.  At  such  times  it  is  sel- 
dom iiei'es>arv  to  raise  the  wiitei'  over  the  snrfaee.  esperially  if  the 
fl(H)diii<r  dit<-hes  are  el()se  tojretlier.  for  the  lii^li  U'iiij)eriilure  of  the 
water  uf  this  season  and  its  high  siwciHc  lieat  maUe  a  small  amount 
amide  f(U-  i)rotection  against  light  frost.s. 

CHARACTER,  STORAGE,  AND  MANAGEMENT  OF  THE  WATER 

SUPPLY. 

CHASACTEK  OF  WATEK. 

The  major  part  of  the  cranln^rrv  lands  of  Wisconsin  lies  in  broad, 
level  tracts  and  the  mo.st  easily  available  water  supply  foi-  |)rotec- 
tion  against  frost  is  the  siu'fate  water  which  is  held  baek  or  stored 
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'from  tlie  melting  winter  snows  or  fntni  henvy  rains,  Th«5si>  lands 
beitifT  forinwl  mostly  of  [K-at  and  niurk  on  sand  snbsoil,  thp  water 
whicli  is  stored  is  frw  from  lime,  jind  (lierc  is  a  pojiiihir  lu'lief  among 
criinlMMTV  prowers  that  lime  is  detrimental  to  the  pi-owtii  of  the  plantij 
and  to  |)rodiietion  of  fruit.  An  experiment  to  tesi  this  point  is 
now  hi'ing  carried  on  at  the  experiment  station,  where  slaked  lime 
has  Ix-en  a])plied  to  several  s<|in»re  rods  of  new  planting,  the  aim 
being  to  neutralize  the  acidity  of  tlie  soil  and  leave  the  water  to  he 
taken  h\>  by  the  plant  with  the  lime  in  s()lntion.  A  similar  expori- 
menl  wit!>  (lie  same  pm-pose  in  view  is  being  carried  on  with  the 
nse  of  marl,  whieh  contains  a  high  jK'rcentage  of  earlK>nate  of  lime, 
in  phur  of  the  air-slake<l  lime.  The  a|)|)li<'!iti«)ns  in  IkjiIi  ca.ses  were 
made  alxmt  the  middle  of  June  nnd  a(  the  end  of  the  seasctn  no  effect 
cciidd  be  observed  uii  the  growth  of  the  young  plants. 

SOimCE  OF   WATEK  AND  LOCATION   OF  RESERVOIR  DAM. 

The  methoil  ii>ed  in  storing  water  varies  with  the  eonditions  tinder 
whi<'li  it  is  collecleii.  .\  few  marshes  thi'oiighout  the  State  and 
several  whieh  might  be  developed  have  a  natural  snjiply  in  the  form 
of  lakes.  All  that  is  nece.s.sary  in  sucii  eases  to  secure  a  snflieient 
water  supply  is  to  coiisti'uet  a  dam  aemss  the  outlet.  In  many 
eases  old  mill  dams  alivady  con.strueled  might  be  utili/.eil  to  advan- 
tage for  this  jiiirpose.  Such  reservoirs  are  cheajily  constriieted,  ami 
where  the  snpi)ly  from  the  lake  is  snflieient  tr)  offset  the  evaporatifin 
and  seepage  give  a  sure  and  valnable  water  supply.  A  nnndn'r  of 
such  Iwations,  as  yet  undev-elojjed,  are  (o  Im'  fomul  throughout  the 
State,  although  the  amount  of  marsh  which  could  be  developed  is  in 
most  eases  snudl,  and  in  some  cns^-s  ]iuui|>ing  for  ilraiuitge  would  lie 
iieees-sary.  Tliere  are  also  a  miinber  of  marshes,  develo]>ed  and  unde- 
veloped, vvhii'h  have  a  flowing  stream  for  a  water  supply.  .  Sueh 
supplies  are  valual>le  Ix'cause  of  their  constaney,  although  a  lack  of 
irrigation  laws  in  this  StJite  has  allowed  nuieh  eontroversy,  and  in 
some  eases  has  leil  to  expensive  litigation. 

Since  the  jjriucijjal  part  of  the  erauln^rry  moors  is  supplied  hy 
surface  water  only,  it  is  neces.sary  to  huihl  ilikes  acras.s  the  fall  of  the 
country  to  form  reservoirs  or  catch  i»asius  in  whicii  to  catch  this  sur- 
face water  and  seepage  after  heavy  rains  or  melting  snows.  As  this  is 
neces-sarily  expensive  work  and  as  the  success  in  cranberry  culture 
<le]>etuls  mucli  U]ion  the  character  of  tlie  water  siip]>ly.  care  should  lie 
taken  in  selecting  the  location  ami  determining  the  direction  and 
size  of  the  dam.  In  several  instances  in  this  State  dams  have  Ijeen 
constructed  at  heavy  ex])ense  without  any  preliminary  work  to  deter- 
mine the  diifction  of  the  fall  of  the  country  or  character  of  the  bot- 
tom of  expos«'d  resei'voirs.  In  sraue  instanci-s  where  the  guess  lit 
these  matters  hap|iene<l  to  t)e  a  lucky  one  the  rest>rvoirs  have  proven 
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quite  i'Hicieiit;  in  others  wlitnv  llic  tjiies.s  was  not  so  wood  tlu'  iiiini>^ 
liftve  Im'pii  const nii'tt'd  i)iirtially  in  tlic  tliivclion  of  tlic  full  of  the 
cxiuiitry  <>!■  t<K>  near  a  wuterslu'il.  and  ii  grwitiT  part  of  ilie  work  luis 
been  thrown  away.  In  still  other  cases  dams  have  been  constructed  4 
to  5  ft*et  in  hci/rht  when  a  dam  of  linlf  that  lieijilit  wonbi  have  helil 
M'uter  at  the  snrfac-e  at  the  upper  end  (jf  the  owner's  land  <»r  at  lejist 
Hs  hifili  as  consistent  with  successfnl  draina^-  for  the  [HM'son  above. 
A  man  may  unUnowinfjIy  U'  usin|r  the  bo/;  of  his  neif;bbor"s  niai"sh 
above  as  a  storage  reservoir.  Miscoiist  ruction  entails  needless  exjjense, 
In  many  cases  amountinjr  to  thoiisaufls  of  dollars  thrown  away  in 
useless  labor,  all  of  which  ndfjcht  \x-  saved  by  a  few  liolhii-s  sjieiit  in 
preliminary  leveling  over  the  tract  jjroposed  to  be  used  for  the  reser- 
voir. Sinijile  analysis  of  the  s(jil  of  the  bogs  would  in  most  <'as«'s 
suffice  to  sluiw  the  jjrobable  sec|jage  through  the  bullum  and  llie  heail 
of  water  which  could  be  most  economically  hcM. 

COirSTRUCTION  OF  DAMS. 

Generally  tlios*'  dams  arc  constniclt^d  of  pieces  of  peat  scalped  from 
the  adjacent  bog  or  of  sand  hauled  fi'om  ihe  surrounding  islands. 
If  the  peat  is  used,  the  l>og  should  Ik*  scalped  deep,  as  the  expense  of 
handling  ilee|>  scal[)ing  is  much  less  ])er  cubic  foot  than  of  handling 
shallow  scaliiing.  .V  peat  dam,  with  a  base  of  IS  feet  wide  and  a 
to]j  of  10  feet  wide.  4A  feet  high,  was  constructed  at  the  experi- 
ment station  at  an  exiienst<  of  $;i.!ir>  per  running  hhI.  This  dam 
was  sanded  late  during  the  winter  t<j  a  depth  of  s  inches  on  top 
and  with  a  good  sand  facing,  at  an  expense  of  approximately  $"2 
|)er  running  roil.  In  cases  wliere  sund  is  us«nl  in  this  way  for  the 
facing  of  a  dam.  the  finer  the  sand  the  better,  as  it  is  usi>d  us  !i  sort  of 
a  filler  to  prevent  seepage  thi'ough  the  loose  scalpings.  In  this  case 
the  scaljungs  were  taken  from  the  inside  of  the  reservoir,  the  ground 
iK'ing  scalped  a  second  time  to  furnish  nuiterial,  ntaking  in  all  a  scalp- 
ing of  about  7  inches.  This  deep  scalping  so  weakened  the  bottom  of 
the  reservoir  that  when  an  atteen|>t  was  made  to  hold  a  ;5-fuot  hinnl 
during  the  dry  month  uf  August  this  year  the  seepage,  together  with 
evaporation,  amounted  to  over  'A  inches  per  day. 

It  would  therefore  seem  advisable  not  to  disturb  the  nuilted  sur- 
face within  a  reseri'oir,  esjjecially.if  this  be  of  thin  peat,  but  rather 
take  Ihe  nuiterial  from  the  outside.  In  doing  this  the  ground  slioidd 
not  he  scalped  close  up  to  the  outside  of  the  dam,  as  this  will  have  a 
weakening  effect  by  increasing  the  perpendicular  distan<v  between 
(he  liottom  of  the  dam  and  the  surface  of  the  water  within  the  i-es- 
ervoir. 

If  tlie  matter  of  economy  of  laiul  or  the  need  of  ron<lway  does  not 
enter  into  the  construction  of  dams,  it  is  possible  they  may  be  nioi"e 
cheaply  constructed  by  building  them  in  s<'rieN.     In  this  case  a  dam 
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of  tim  proper  heifrlit  iitul  tiHulfi-ak*  wiilth  is  constructed  and  another 
light  dam  of  pcrlinps  half  llu>  hiMfflit  at  a  ilistanre  of  10  or  1-J  fwt 
Im'Iow  it.     If  tin'  iij>iHT  (Inrii  In-  of  (•oiisidcriililc  licitjht  n  third  onefl 
mtiy  bu  udeK'ii  to  the  two.     liy  the  use  of  tlicM'  .smalli-r  dani.s  to  c^tt-h^ 
the  seejjugo  from  tlii'  oiu»s  uUove  h  counter  hcnd  is  ludd  iifjuinst  tii»'tn, 
niid  the  prpssuri'  on  tlu>  itiipcr  darn,  in.steiid  of  Wmp  that  of  the  full 
hwul  of  water  lieitl  afriiinst  it,  is  (hiIv  the  prc'.s,sure  of  a  head  erpial  to 
the  differente  In'tweeii  tlie  water  snrface.s  idjove  and  Ijelow. 

Tlie  e.xpenst'  of  hiiihlinfr  ii  sand  i hnu  depends  hu-frel y  upon  the  distance 
of  tlie  sand  jtit  from  the  dam.  The  priiicipjil  advantages  of  sand  dams 
are  their  great  weight  and  jiermanency.  W'iiile  a  jM-at  dam  will  set- 
tle greatly,  as  the  jyent  decays  anil  is  light  and  easily  moved  hv  a  high 
head  of  water,  a  sand  tlam.  U'caiise  of  the  nature  of  the  imitcrial.  will 
settle  hut  little  after  its  construction,  and  ln'causi'  of  its  great  wei»h( 
j)re.sses  the  surface  of  the  marsh  beneath  it  more  closely,  thu.s  tending  fl 
to  prevent  seepage.  Perhaps  the  lie.st  dam.  considering  Ivolh  economv 
of  constnictiuii  and  utility,  for  the  major  part  of  the  marshes  of  the 
State  would  be  a  dam  coustrucled  of  {wat  si-alpings.  with  a  hcav^-  I 
covering  and  facing  ()f  sand,  the  main  part  of  the  economy  coming 
from  the  fact  that  the  ground  is  prepared  for  planting  at  the  same 
time  the  scaljiings  are  iitili/eil  for  the  construction  of  a  resservoir. 

DEPTH  OF  WATER  IN  RESEKVOEft. 

The  depth  at  which  it  is  possible  to  ludd  the  water  in  a  reservoir  in 
this  section  depends  chielly  upon  the  permeability  of  the  soil.  It  i.s 
ilesirable  thai  the  water  in  (lie  rest-rvoir  be  liehl  to  considerable  depth, 
where  this  is  passible,  in  order  to  les.sen  the  loss  by  evaporation,  and 
yet  with  mosl  of  the  soils  over  which  ros*>rvoirs  are  necessarilv  con- 
stnicled  the  permeability  and  conseipient  si'epage  will  not  ]H'rmit  the 
hohling  of  a  vvvy  high  head.  In  fact  the  liead  which  can  In.'  most 
ecou<nuically  held  is  determined  Ijy  a  s(»rt  of  balance  between  evap- 
oration and  seepage,  the  adjustnient  Unng  sLich  that  the  loss  from  the 
combination  of  these  two  causi-s  is  a  minimum.  The  case  of  the  sta- 
tion res(M-voir  cited  alM)ve  is  an  eviilence  of  this  fact.  When  the 
head  of  water  held  was  too  high  for  the  condition  of  the  bnltom  of 
the  reservoir  the  seejtage  became  very  great,  a.s  descrilied  on  page  (Mil. 
Evaporation  \\<»uld  1h'  excessive  only  in  ojx'ii  reservoirs,  and  too 
nuich  spreading  of  water  in  an  open  reservoir  with  a  low  head 
might  produce  a  much  gii'ater  loss  than  w<)uld  U-  sustaine<l  through 
seepage  were  the  >Hnte  amount  of  water  spread  over  half  the  area 
with  a  higher  head.  'i"lu'  depth  of  water  which  can  Ik-  held  in 
any  given  reservoir  inn  therefore  only  be  told  by  exjieriment, 
increasing  it  gradually  by  raising  the  dams  till  the  seepage  excectls 
the  evaporation. 
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LOSS  BY  EVAPORATION. 

In  a  .sumiiHT  likr  tin-  one  ju.st  pa.sst'd,  when  tlio  cviiporation  from 
the  wiitor  siirfatv  is   imuv   tliaii   double  the  rainfall,  the  effect  of 

.sjn'i'inlin^  wiitiT  (ivor  a  very  large  area  is  a  serious  loss.  For  instance, 
where  (he  evajmraliou  iiiMoiiiits  to  over  7  iuehes  of  water  in  one 
iiiiHith.  as  it  dill  in  July  this  year,  a  reservoir  with  a  4-f(H)(  head, 
(•()veriiij;  40  acres  at  the  iK^frinniiiir  of  the  iiKHilh.  wdidii  still  lie  left 
at  (he  end  i>f  llie  nioiitli  with  a  good  supply,  haviiifr  a  head  of  uver  •< 
feet,  harriii^  seejiage.  while  if  the  same  amount  <»f  water  had  heen 
s[)reiul  ovei'  a  (|iiarter  section  the  evapoi'atiun  duriiij;  tlie  one  naaith 

I  would  have  made  it  |)ractirally  useless.  K\api>rution  was  measured 
in  a  cylimler  :>  feel  in  diameter  and  -J  fn-l  dei')),  kept  th)ating  in  the 

'reservoir.  The  amount  of  evaporation  during  the  |»ast  season  is 
given  in  the  following  talile.  together  with  the  rainfall: 

Kniiititii  unit  pcapuration  Juriiiy  June  ami  .Inly  iil   the   WUconnin  cranberrjf 

experiment  ttatlou. 


Date. 

Rain- 
fall. 

Evap- 
ora- 
tion. 

D«t«. 

Hain-'E^P- 

Date. 

Raiu- 
fall. 

Evap- 
ora- 
tion. 

Date. 

Rain- 
fall. 

Evap- 
ora- 
tion. 

June  1 

In. 

M. 

o.oa 

June  18.. 
19. 

I». 

rn. 
as 

Jnly   1... 

I». 
0.08 

A.. 

■■6.'«' 

July  18... 
19... 

au .. 

In. 

a  14 

.116 

/a. 
0.(7 

t    .. 

.89 

3 

0.<K 

i.n 

.» 
.« 

81 .. 

.» 

.88 

8.  . 

.84 

4.... 

4... 
8.. 

6..- 
1  — 
8... 
«... 

111... 

11.. 

Tr. 
Tr. 
.01 
.80 

.tn 

Tr. 

.06 
.31 
.16 
.18 
...... 

■■.■«■ 
.88 

81  .. 

.88 

6— . 

tt- 

88... 

as.. 

»4— 

.01 

t 

8S  . 

.«) 

T.... 

84- 

ts.. 

87 

■■.if 

"i'.'vi 

.88 

».  . 

;;::: ::" ": 

86... 

.81 

».... 

.» 

.88 
.SO 
.tt 
.81 
.08 
.32 
.42 
.8» 

IB... 

87-. 

.0? 

.18 

10 

.88 

11..- 

88.. 
89.. 
30 

^o'S?^ 

1.01 

.44 

88... 

.tt 

U.... 

12    . 
18... 

Tr. 

89... 
80... 
81 

.M 

.80 

18.... 

.21 

.86 

J4 

14... 
15  .. 
16 

.18 
Tr. 

.79 

.88 
.34 

.16 
4.8T 

.8T 
8.B8 

AveraKe 
Total... 

M 

.10!        .84 

IT.... 

17... 

8.U9        7.89 

EFFEIT   OF   GROWING   VEOETATION    IN    RESERVOIRS. 

The  e.xact  etiect  of  growing  vegetation  in  re.s(>rvoii-s  is  hard  to 
determine.  Wiile  the  surface  pre,!<eiiteti  in  the  air  through  whieli 
evaporation  may  take  place  is  greatly  increased  hy  the  growing 
>egetation.  the  Mirface  of  the  water  is  protected  from  the  wind. 
However,  ciaisidering  the  ainouiU  of  wati'r  ordinarily  ummI  hy  the 
growth  of  some  of  the  (nine  gi-asscs  and  sii]ipu<ing  the  ordinary 
marsh  grasses,  hecaiise  of  their  hahitat.  (o  iis<>  as  miieh  or  more  water 
than  these  lame  gra.s.s»»,s,  one  would  come  to  ihc  conclusion  hy  com- 
pariton  with  the  e\aporalioii  from  a  free  water  surface  (hat  this 
growth  of  vegetation  was  detrimental  to  a  reservoir. 


FI.O.\TIN«    noli    IN     KKSKRVIllKS. 


In  mos(  of  the  reservoirs  constructed  over  the  |H'al-hog  area^  the 
bog  becomes  loo.sened  from  the  lied  of  the  reservoir  ami  lloats  on  the 


1        bog  bi 
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surface  of  tlie  wnter  in  tlie  reservoir.  While  this  prevents  evapora- 
tion from  tlie  surface  of  (fie  water  and  wouUI  partly  overpome  evajw- 
nitiiin  were  it  not  for  the  ve<ietiilioii  ^rowiiifj  on  tlie  rtoating  bog,  on 
the  other  hand  it  serves  as  a  Ijhinket  in  keeping  the  sun's  rays  from 
tlie  water,  tiius  keeping  tlie  tenipenituiv  of  the  water  low  and  making 
it  of  nmch  less  value  in  fl<M>ding  against  frosts.  Thib  floating  of  the 
l)og  also  weakens  the  Uoltoni  of  the  reservoir,  allowing  greater  s»H'p- 
age  from  iK'neatii.  The  floating  of  tlie  [M^iit  in  a  reservoir  might  lie 
])revente<l  by  weighting  down  with  sand.  This  plan  would  not,  of 
course,  be  feasible  where  reserviiii-s  are  spread  over  a  very  large  area, 
because  of  the  great  ex[)ense  of  sanding. 

In  re.servoirs  covered  with  floating  bogs  the  l>og  doe.s  not  remain 
in  compact  form,  but  oj)eiis  out  spongelike  and  thus  liocomes  a 
M'rious  hindrance  to  rajiid  flooding  unless  there  be  enough  free  water 
in  the  reservoir  for  one  watering.  On  the  night  of  AugJist  8  on  the 
nuirsh  of  the  Cranberry  Moss  and  Peat  {'uiu])any.  after  a  hurried 
flooding  of  {he  niiir>h,  whicii  was  successfully  a(roni|)lished  in  al)out 
two  hours,  it  appeared  that  the  whole  supply  of  water  had  l)eon  ex- 
hausted, the  water  of  the  reservoir  having  been  reduced  nearly  to  the 
level  of  the  water  in  the  ditches  on  the  pliinling.  Had  there  iwen  a 
uitnh  larger  area  to  Hood,  the  ci-op  ]vrobably  would  have  been  lost 
liecause  of  the  lack  of  serviceable  water,  yet  by  10  o'clock  of  the  next 
day  enough  water  had  seeped  from  the  floating  bog  (d'  the  res«>rvoir 
to  bring  the  liead  on  the  dam  to  within  a  few  inches  of  where  it  wuji 
before  flooding.  The  same  condition  undoubtetlly  [irevented  suc- 
cessfid  (1<niding  of  many  otln'r  niiirshes  where  a  lai'ge  [H'rcentage  of 
the  crop  was  lost.  In  most  of  our  re.servoirs  constructeil  on  the  o|)en 
moorlands  the  only  water  is  in  the  ditclies  dug  on  the  inner  side  of 
the  dam  lit  the  time  of  construction.  This  difliculty  of  too  little 
water  for  serviceable  flooding  might  Ik*  overcome  by  providing  u 
larger  si>ace  for  open  water,  either  by  cutting  away  part  of  the  float- 
ing bog  or  by  preventing  its  floating. 

COMMTTNTTY  RESERVOIK.  SYSTEMS. 

It  is  probable  that  it  would  be  far  more  ec(mou»iciil  for  the  cran- 
Ijerry  irrowei-s  of  t!ie  larger  t:ranl)erry  region,  working  tog(»ther.  to 
construct  a  system  tif  closed  reservoirs  with  Ix^tter  prepared  bottoms, 
tach  Iving  conne<-ted  with  the  one  above  by  canals.  There  is  little 
doubt  that  the  water  received  <luring  the  siMison  over  any  of  these 
regions  is  suflicienf  to  maintain  a  much  larger  acreage  than  is  at 
I'resent  nuiintained  and  have  a  good  water  supply,  even  in  the  dry 
seasons,  were  more  ecoru)mical  flooding  and  drainage  .systems  to  lie 
nuide  u.se  of.  Of  course  all  this  would  require  connnunity  harmony 
ami  agreement  as  to  water  rights. 
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IKRIOATION  DITCEES. 

The  vaiiK'  r>f  a  reservdir  in  cnuilH'.iTy  nihtire  dcpeiyds  Isirgoly  upon 
the  arj'ini<ri'nirtits  for  jjettiiij:;  (lu-  water  onto  tin-  tii'lds  qiiieUly.  A 
great'  part  of  the  loss  sustained  on  llie  morning  of  August  8,  1904, 
whidi  amoimted  to  many  thousiuuls  of  dollars,  was  due  to  the  in- 
sufficiency of  tlie  flooding  system  ftu'  iiandling  water  rapidly.  This 
lass  on  many  of  the  marshes,  coidd  the  pri>sijective  crop  have  lii-eti 
successfully  harvested,  was  sufficient  tf»  have  jirovided  closed  reser- 
voirs adjacent  to  each  section  uf  tJie  planted  nmi-sli.  TJie  trouble 
witli  most  of  our  mai-shes  is  not  only  the  insufficiency  of  the  main 
Hitch  or  means  of  getting  water  to  the  sections,  but  also  tJie  lack  of 
tlitciiing  within  the  secti(uis. 

Tlie  size  and  depth  of  the  ditches  used  in  conveying  the  water  from 
the  reservoirs  and  s[ireadin^  it  over  the  planting  are  of  jrreat  impor- 
tance, especially  on  nights  of  (jnicic,  heavy  frost,  when  it  is  necessary 
to  (lood  (]uic!<ly.  Tiiere  should  be  one  or  more  large  main  ditches 
extended  from  the  reservoir  through  the  phinling  and  reaching  each 
section,  so  tluil  each  may  be  Hooded  independeiilly.  I'lic  ditches 
should  l>o  large  enough  to  Hood  the  land  quiciily.  even  when  water  is 
low  in  the  reservoii'.  Tlie  pro|)er  size  of  a  ditch  nniy  be  dr'termine<I 
liy  computing  the  aniomil  of  water  necessary  to  tltMRl  itie  given  ar<'a 
and  tlie  shortest  time  within  whi<'h  it  may  be  desirable  to  get  this 
water  on  the  land.  The  (low  in  (he  ilitch  may  in-  di'lerniined  approxi- 
mately by  taking  liie  area  of  the  cross  s<'cttori  and  iiiulliplying  by  tlie 
distance  which  an  object  will  float  on  the  surface  of  thi-  water  during 
one  minute.  In  comjiutiug  the  anuMint  of  water  necessary  to  tl<«Ml 
the  given  ai'ea  it  must  be  remembered  that  the  Uig,  if  dry,  will  take 
up  considerable  water. 

Miicli  energy  which  might  help  greatly  in  quick  flooding  is  lost  at 
the  head  of  each  branch  ditch  by  allowing  the  water  to  pour  over  the 
sluice  boards  instead  of  being  forced  out  under  them,  thus  losing  the 
head  of  pressure,  which  might  I>e  used  to  great  advantage  in  increas- 
ing the  rapiility  of  the  flow  from  the  main  <litciies  into  the  sections. 
In  fact,  were  it  not  for  the  friction  of  the  flow  on  the  Ixittom  the 
main  flooding  canal  might  well  Ik»  nuule  by  building  einbunkinents 
on  the  sides.  In  the  construction  of  the  canal  deptii  rather  than 
width  .should  be  sought  l>ecause  of  the  greater  amount  of  friction  on 
the  !)f)ttoiH  and  (he  increased  pressun-  due  to  depth.  If  the  greatest 
eflici<-ncy  would  l>e  had  in  flooding,  the  canal  should  Ix-  so  constructed 
that  the  full  head  of  pressure  in  the  reservoir  may  l>e  carriiHl  to  the 
end  of  the  flooding  canal.  In  this  case  the  canal  might  be  ki-|<t  filled 
during  the  si-ason  <»f  probable  frost,  the  only  extra  Ii>ss  of  water  being 
'       that  which  would  come  from  the  e.vtrH  surface  presented  for  evaporn- 

Ltion  and  (he  seepage  through  the  embankments,  an  amount  of  little 
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cousfqiR'iiri'  in  lapjr*'  systems.  In  i)t  least  tlu'w  instaiicos  in  Wisrois-^ 
>-in  this  yi'ar  crops  \von>  daniiij^wl  ti>  tho  t-xlont  of  many  thousnm! 
dollars  Ih-oiiisc  of  the  insufficient  ci»piicil\'  of  ih<'  (hxnlinj;  <-anal.s.  In 
eiK'h  case  the  expend  it  inc  of  a  few  hnndred  dollars  wonld  have  con- 
.-(ntcti'd  jrood  snhstjnitiid  canals  of  ample  cajmcity  for  flooding;  jit  all 
times. 

As  Ixith  floodinfr  and  di-iiinafie  are  necessary  for  successful  cran-( 
lierry  culture  the  ditches  within  the  smaller  sections  may  lx»  con- 
veniently arranged  to  answer  ImiIIi  purposes,     To  successfully  f1(X><l| 
against  nuick,  heavy  frosts  these  ditches  should  \k-  of  surticienl  sizej 
to  curry  the  water  necessary  to  Hood  <»ver  the  surface  of  the  entire' 
section  within  two  hours.     The  tal)le  of  hourly  temperatures  taken 
on  the  night  of  frost.  SeptemlM'r  i:)-14,  show  the  ]»o>sil)ility  of  <juick 
frosts  and   tlie  necessity  of   flooding  wilhin  a  short   time   after  the 
temperature  has  ivaclied  a  certain  point  where  indications  are  pretty 
certain  for  frost.     For  instance,  on  the  night  of  SepteinlM>r  14  frost 
was  forming  o\-er  certain  parts  of  the  nnirsh  within  an  hour  after 
sunset.     While  this  is  too  late  in  the  season  for  light  frost  to  do  much 
damage,  it  shows  the  possibility  of  a  ipiick  drop  in  temperature  nml 
tile  neci'ssity  uf  j)ro\ision  foi-  ra|>id  Hooding. 

To  facilitate  rapidity  in  fhK«ling  the  section  shonid  t>e  as  nearly] 
level  as  ]jossil>le  aiul  the  small  Hooding  and  drainage  ditches  not  nion^ 
than  '2  rods  a[)art.  The  jirogress  of  the  How  over  the  surface  is  nec- 
essarily slow  ltccan.se  of  the  mass  of  vines  throngii  which  the  water  ■ 
must  move.  The  direction  of  these  ditches  would  in  general  he  at 
right  augles  to  the  main  (looding  ditch  and  si|narely  acros-s  the  fall  of 
the  land.  fl 

The  main  Hmiding  ditches  should  have  a  hulkhead  for  every  few 
inches  of  fall,  and  the  gales  into  the  sectifUi^  from  tlu'  main  ditch 
should  he  of  sufficient  size  and  numlier  lo  take  the  water  from  the 
nuun  ditch  as  fast  as  it  will  supply  it.  AVhere  (here  are  a  nundier  of 
sci'tions  to  he  Hooded  s*»nie.  of  course,  hehiw  othei-s  alnng  the  uniin 
ditch,  the  head  of  water  in  the  ditch  is  reduced  so  that  if  the  gatcsfl 
he  al!  of  the  same  size  the  upjicr  sections  will  get  more  than  their 
[iroportionate  share  of  the  water.  This  will  nut  only  waste  water 
on  the  upper  .sections  hut  retard  Hooding  on  the  lower  ones,  ^^^lcre^| 
the  rate  of  How  in  the  ditch  and  size  of  sections  to  he  H^Miled  are 
known  comjurtalions  nui\'  Ih'  mudi'  and  IIm'  exact  size  of  the  gates  for 
each  section  determined  in  order  that  all  may  he  Horxled  with  e<]uall 
rapidity. 
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REPORT  OF  DRAINAC.H  INA'HSTIC.ATIONS,  1904. 

By  C  G.  KixioTT,  Drainaije  Engineer. 
INTRODUCTION. 

Drainage  invcstigrations  as  condiictpd  (hirinp;  tin'  |iast  year  liave 
iiR-liulwl  the  winsiikTutidii  of  questions  jjcrtainiiifr  to  fariir  anil  licM 
ilraiiia<r»'  as  wril  as  tlu'  lai-friT  i)rojct-ts  requiriiijr  tin-  uniti'd  artinn  of 
many  laiidowmTs  under  |in>\isi«)ns  of  Stati'  laws.  In  view  of  the 
fai't  that  drainapjc  is  an  essential  factor  in  the  ])n)(hi<'livc  value  of 
farm  lands,  it  is  important  lliat  the  Ix'st  informati<in  njmn  the  theory 
and  (iraclice  of  drainajr*'  for  ajrrieidtnre  should  l>e  made  availahle 
to  all  who  desire  a  knowleilge  of  this  snhjeet.  Personal  examina- 
tions of  e(Hu]itions.  and  in  some  eases  surveys,  have  lieen  iinide  hy 
eiif^ineers  (■<tnneeted  with  this  Office  in  order  to  reiidei'  needed  assist- 
ance and  prttniote  and  enconrap*  the  l»est  practice.  'l"he  following 
oiilline  presents  tlie  work  of  lids  OHiee  ri'latiiifr  to  the  ilrainagi'  and 
protection  of  afrricultni'al  lands: 

The  ctmstrMclion  of  (he  larfiei'  works  in  the  Midtlle  West  is  quite 
often  necessary  liefure  thorou^'h  farm  drainaire,  nldcli  is  the  oliject 
ultimately  sou;,'lit,  can  Iw  sui'ces>fidly  acconqdishi'd.  The  annual 
rainfall  foi-  a  few  vcars  preceding  IDU'i  was  helow  l!ie  ntu-uial,  while 
since  that  date  it  Iras  exceeded  the  averaire  and  has  Ih'cu  MliiMculy  dis- 
trihiiled.  It  has  heen  observed  that  (he  lield  drains  put  in  fluriitg  the 
seasons  of  light  rainfall  are  in  many  instances  inadec|uaie  for  the 
ser\'ice  re(|uired  hy  reason  of  iitsidlicient  outlets.  The  years  of  large 
rainfall  have  taught  in  a  mo>t  <'iiq>hatic  maimer  that  more  carefid 
attention  should  Ix'  given  to  the  const rui-l ion  and  improvenient  of 
main  drainage  chainiels  and  to  their  siilisequent  care  and  maintenance. 
It  is  also  found  in  some  of  the  localities  where  lirainage  work  was 
first  d<me.  and  which  for  a  term  of  years  was  satisfactory  to  land- 
owners, that  better  work  in  liehl  construction,  more  conqilete  outlets, 
and  ill  some  cases  a  general  re\ision  and  reconstruction  of  the  work 
done  in  former  years  are  now  iH'ing  carried  out.  A  study  of  the 
necessities  of  such  localities  has  been  made  in  Indiana. 

Coon  Kiver  drainage  district,  Bneiui  Vista  County.  Iowa,  was  ex- 
amined and  plans  pro|)(»sed.  This  district  includes  the  land  nt  the 
headwaters  of  Cotai  Uiver,  iir),(((M)  acres  of  whi<'h  will  In-  benetited  by 
the  (jroposed  imiiroveinents,  e.stiiinited  to  cost  $1.")(),(XH).  Tl>e  water 
from  an  area  of  128,0(JO  acres  must  lie  provided  for  hy  the  improve- 
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nu'iit  of  luiliind  wiitcr  lourscs  in  such  a  luamier  that  tlie  lower 
will  not  1h'  injured  by  flooding. 

Soldier  HiviT  ciit-otf  iiml  olhor  imiirnvcnipnts  in  Harrison  County, 
Iowa,  proposed  for  (hi-  ])roti'ction  and  ilniinagf  of  ;W,(X)0  acres  of 
Misstiuri  River  bottom  lands  and  estimated  to  cost  $111,000,  have  been 
carefidly  exaniiiieil  and  reported  upon.  U 

The  plans  for  the  proposed  main  drainage  channels  for  the  im-™ 
provement   (tf  4;i,0()0  acres  of  river-bottom  lands  in   Burt   County, 
Nebr..  to  cost  $!)S.(Kin,  have  lx»en  reviewed  Avith  the  local  engineers. 
An  in\"estijira(iori  of  llie  best  methods  to  be  followed  in  the  subsequent 
draiiiii<re  of  individual  fai'ms  in  that  locality  was  als<j  made  and  pre 
sented  to  the  landownei-s  at  a  eonferenee  called  for  that  [inrpose. 

Tlie  inii)roveMieiit  of  Xenialui  Ri\'er  in  Ricliardson  County,  Xebr., 
ftu-  tile  (irotection  of  ;i(),()0(i  acres  of  lowland  from  overflow,  has  re- 
ceived a  preliminary  exanunution.     The  estimated  cost  is  $i!05.000. 

Wisconsin  has  larpc  areas  of  marsh  lands,  some  of  which  have  Ijcen 
drained  and  broufrhl  tiiidei'  cullivati(tn.  An  examination  of  a  district 
orpanized  in  Maratlion,  Portage,  and  Wood  counties  and  consistin; 
of  ;V2,000  acres  of  muck  and  peat  marsh  land,  the  propostnl  ilrainagtt 
of  which  is  estimated  to  cost  i^l !!■_'. 1)00.  was  nuidi'  and  some  of  llie 
peculiar-  fealui'es  reported  ujion  quite  fully. 

An  im|)oi'tatil  work  is  c-on(enii)hited  in  Clay  and  Vatdcton  comities, 
S.  Dak.,  involving  the  (h*ainage  of  TO.dOO  acres  (d'  bottom  land.  By 
special  reipiest  a  ]ireliminary  survey  was  made  by  Ibis  Office  froiafl 
wliich  [dans  ami  estimate  of  cost  were  developed.  Suggestions  were 
offered  regarding  Stale  legislation  needed  to  enu1)le  owners  to  unite 
and  execute  this  an<l  other  similai-  large  drainage  projects.  ^t 

A  careful  examiimtiiiu  has  been  made  of  the  methods  of  protecting 
the  fertile  farm  lands  along  the  bottoms  of  the  Illinois  River  front 
Peiu'ia  to  Kampsviile  by  means  of  levees  and  of  the  l>est  methiKls  ofS 
drainage  ajiplicable  to  sui-b  binds. 

The  methods  used  and  (he  cost  <if  cleaning  dredge  ditches  and  their 
behavior  when  c«nstru<'ted  thmugh  san<ly  land  in  different  locali- 
ties are  matters  which  have  received  alleiilion. 

Surveys  :nid  (ihins  have  l)een  made  for  the  drainage  of  •2,000  acres 
of  cotton  hind  in  the  Yazoo  Delta,  llissis,sippi,  where  an  experiment 
station  for  the  pur|K)M'  of  testing  the  eflicienc}'  of  tile  drains  in  the 
heavy  soils  of  that  locality  is  locatetl. 

A  preliminary  examination  of  si  portion  (d'  the  Everglades,  in  Dade 
County,  Fla..  was  made  in  conjunction  with  the  Bureau  of  Plant 
Industry,  V.  S.  Deparlnu'ut  of  Agi'iculture,  with  a  view  to  draining 
a  field  for  e.vperimental  j)tui>ose.s,  and  a  report  witli  the  plan  pro- 
posed for  such  drainage  has  been  submi(te<I. 

rnvestigationsof  a  special  charactiT  were  made  in  Cache.  Washing' 
(on.  and  Emery  counties,  Utah,  where  lands  under  iiTigatiou  havi 
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hwn  sprionsly  injuroil  l>y  scopufri'  water  inid  Jilkuli.  An  exporiment 
at  Hyde  I'lu-k.  t'lU'lic  t'<iiiiity.  whs  tR'«riin  in  Se|>ti'n)lM'r,  1!>04,  to  doter- 
niine  the  most  I'dirit-nt  jihiii  of  draining  soopt'd  lands  not  yi't  injured 
by  alkali.  Tliis  OlHi-c  cnopcrati's  with  the  nwiuTs  nf  the  hind  uml  thi' 
Stall'  ('XperiiHi'iit  station  in  ccniductinfr  this  work. 

Soil-wiitcr  rwords  have  been  kept  at  Hyde  Park  and  als<i  ai  Ilnnt- 
iiifrton,  in  Etnt'rv  Connty,  T'tah.  Fri»sno.  Cal.,  and  Sunnysidi'.  Wash. 

Investigations  in  Indiaini  havt-  inclndt'd  spei-ial  cxaniinations  of 
levees  and  rt'tdainied  lands  along  tlic  A\'aUa.sh  liiviT  and  of  farms  in 
the  n[)])cr  Wahasli  Valley  whieh  Ijavi-  l)»'en  tili  draineil.  The  ohject 
of  the  latter  investigation  was  to  ascertain  the  ordinary  drainage 
practice  of  farmers  in  the  section  mentioned. 

A  detaile<l  disenssioii  of  all  the  (]iiestions  whicit  have  received  atten- 
tion from  this  ( )IKce  during  the  ycni-  is  nul  atlemptcd  in  tiris  rejjort. 
A  variety  of  these  problems  has  Ix^eii  considered,  all  of  tliem  impor- 
tant in  the  localities  where  the  examinations  were  made,  hiil  as  some 
are  covered  in  their  e.ssi-ntial  j)oints  by  the  Ireatmwit  of  siinihir  ones 
which  have  received  attention  elsewhere,  it  is  not  thonght  neces.sary 
to  discuss  them  all  in  detail.  Some  investigations  are  of  a  tentative 
character,  the  resnits  of  which  will  be  given  in  a  fntiire  report. 

Tlie  field  work  for  this  report  has  been  done  as  follows:  John  T. 
.Stewart  pi-i>pared  reports  <in  the  reclaniiition  of  overflowed  lands  along 
the  Mis-souri  Kiver  in  .Smth  Dakota  and  along  the  Mississi|.)pi  and 
Illinois  rivers;  Pnif.  \V.  I).  Pence,  of  Piirdne  University,  stndied  the 
levees  along  the  Wabash  Kiver  in  Indiana  and  farm  drainage  ahmg 
the  upper  A\'abasli ;  A.  li.  folliii-^  ivpoi'ted  on  the  excavation  of 
ditches  throngh  sandy  laiuls  in  Missonri.  In  addition,  all  of  tluw* 
agents  have  given  advic<'  in  indivithial  eases,  where  fanners  have  ap- 
Iilied  to  them  for  aid. 

OEOUND-WATEB  RECORDS. 

Tlie  rise  of  gi'ound  water  can  lie  detected  easily  by  the  aid  <»f  test 
wells.  The  wells  are  used  as  gauges  for  determining  the  upper  limit 
of  the  saturated  soil,  the  surface  of  the  water  in  them  corresponding 
to  the  water  line  of  the  s«)il.  Measurements  made  at  any  time  indi- 
cate the  relation  of  the  water  plane  to  the  surface  of  the  ground  ajid  a 
gerie.s  of  such  nu'asnrements  shows  the  rate  of  the  rise  of  ground 
water,  giving  liie  data  for  determining  the  ([uantity  of  water  which 
must  be  removed  by  drainage.  The  te.st  wells  at  Fresno,  Cal.,  are 
wooden  boxes  d  indies  sqintn;  and  H  feet  long,  placed  in  the  ground 
with  their  to[)s  nearly  flush  with  the  surface.  The  distance  from  the 
surface  of  the  gi'ound  to  the  water  surface  in  the  wells  has  been  meas- 
ured onee  ami  a  fiart  of  the  time  twice  each  week  during  the  irrigat- 
ing season.  Tiie  records  of  thes<'  wells  for  the  season  form  an  in- 
structive study  and  should  be  considered  in  connection  with  those 
secured  last  year. 
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The  basis  used  for  the  estimate  of  the  (luantity  of  water  which 
should  Ih'  removed   from  this  Hoil  is  the  vohime  of  its  interspace. 
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an  arid  .soil.     Twcnty-Hvi'  per  pi-iit  liy  voliinu'  is  ciipilliin'  space  and 
ific  wattT  retaiiu'd  Uv  it.  tertucd  '*  ciipillury  water,"  i>  riM|iiiivd   for 


plant  growth.     WIkm  tiu-  rfinaining  spnce  is  filled  willi  water  tin- 
soil  is  saturated,  this  30  per  «'iit   representing  tlie  i|iiiiiitity  wliieli 
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slidiild  Im'  rcniovcd  Ijv  ilniiiiage.  A  graphical  representation  of  thcs 
conditions  is  shown  in  figure  78.  and  the  water  curves  of  each  of  the 
seven  Fresno  wells.  lujL'etlicr  with  llie  line  to  which  rlrainaj^  should 
reduce  the  water  taljle.  are  sh<iwii  in  fifiure  70.  ^ 

j  The  prulileni  which  here  eufjajres  our  attention  is  to  ascertain  the  fl 
amount  of  diainaf^e  water  which  unist  lie  hinidh-d  and  the  nietliod  of 
controliinfi  the  rise  of  soil  water  which  the  records  show  takes  place 
durinji  the  iiTifratiiifr  season.  The  average  daily  rise  of  ground  water 
in  the  Fro-sniv  district  from  .\hn  ch  17  to  June  2.  when  the  ground  water 
began  to  fall,  aii*l  the  fall  from  tinne  2  to  SejjtenilH'r  1  are  shown  in 
the  folUiwing  tables: 


l-'lu)-htiili'iii  ii[  initi'r  tnhlr  III  Frixno.  Col.,  Miirch  17  to  June 2,  1904. 


I 


Mu-.  17 
toApr .» 


Apr.  3  to    Uajr-Mo 

Hay  5      Jane  £ 

(8!daya).l(iBd«ys>. 


Well  No.  1: 

Total  rise _ 

Average  dally  rim . 

Well  No.  fc 
Total  rise . 


Avurave  daily  rise  . 
Well  No.  3: 

Total  rise... 

Average  dally  rise 
Well  No.  t 

Total  rise 

Ayerace  daily  ri«e  . 
Well  NoTS: 

Total  ri«> 

Average  dally  riae . 
Well  N.I.  «: 

Total  rise 

Average  daily  rise , 
Well  No.  7: 

Total  riw 

Average  daily  rise  , 


12.0 
.706 

11.0 
.647 

11.50 

1I.7K 
.Ml 

U.0 

.TOft 

M.SO 

<.an 

8.  fill 
.882 


tueJita, 
II. 0 
,84S 

6.0 
.IM 

Sod 
.07» 

10,75 

.3ar> 

e.Mi 
.an 

ixrs 


u.a) 


AtoAe*. 

la 

T.U 

.w 

.00  J 


I  su . 


Average  rlaily  ri»o 

80  per  Rent  average  daily  rise  to  be  removed  by  drainage . 


.24U 


:S} 


•La 

•  .V 
8.1 


.M 


■■  Fall. 
I'liii'l  Hill  inn  of  initrr  Inlth-  nl  Frenno,  Cul..  froiii  June  i  In  Sefilemher  1,  1904. 


,   JnneS  '   July  7    I   Aug  4 
tu  Jnly7  toAng.4  toScpt  I 
(iSdayal.  l«dayB).|i3Bd»yaj.  j 


Well  No.  1: 

TotaUall 

Avorage  dully  fill... 
Well  No.  *: 

Total  fall 

Average  daily  tall... 
WeU  No.  a 

Total  fall 

Average  daily  fall... 
Well  No.  4: 

Total  fall 

Average  daily  fall... 
Well  No.  & 

Total  fall 

Average  daily  fall... 
Well  No.  ll 

ToUlfall 

Average  daily  fall... 
Well  No T: 

Total  fall 

Average  daily  tall... 

ATorage  daily  fall. 


Inchet. 
1.76 
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Water  was  tiiriied  info  irripntion  canals  tlu-  first  w(i>k  in  Jutuiiiry 
and  tiinuMl  nut  (lie  sccoml  week  in  Si'ptt'UihiT. 

The  average  daily  rise,  in  inches,  diirinfj  the  pnrt  of  Afarcli  in  which 
water  appeared  in  tlic  wells  was  0.83"_':  in  AjH-il,  0.l*71.  ami  in  May, 
0.113.  Deducting  25  jx'r  cent  for  the  capilhwy  water  reqniretl  leaves 
30  per  cent  to  be  removed  by  drainage.  This  amounts  to  0.*249  inch 
in  deplh  <laily  in  March,  fi.Osl  inch  in  April,  ami  0.034  in  May.  It 
shuiihl  l)e  observed  in  this  coiuiection  that  dnrin|j;  a  part  of  ihe  time 
a  portion  of  this  water  may  \x  used  to  siijjply  needed  moisture  to 
the  soil  above  the  water  plane,  the  anioiml  dependinfr  frrcatly  Tipon 
the  kind  of  ci'()p.s  grown  on  the  land  and  Ihe  fretiuency  of  its  irriga- 
tion. This  is  necessarily  an  indeterminate  amount  and  may  in  some 
cases  be  nothing. 

The  plans  submitted  in  HH)3  for  the  main  drainage  of  this  area 
provided  for  the  removal  of  0.008  inch  in  depth  each  day,  with  drains 
located  to  Iiohl  the  (daiic  of  satnraticm  at  a  depth  of  .">  feet  fi'oni  the 
surface.  After  the  water  first  appears  in  the  wells  in  March  the  rise 
is  quite  rapid,  the  first  measurement  being  made  when  the  water  is 
Ih'Iow  the  Ti-foot  horizon:  hence  flic  rate  of  rise  for  the  first  periotl  is 
greater  than  will  be  necessary  to  otrset  by  drainagi'. 

The  data  fiirni.shed  by  the  records  of  the  two  yeais  indicate  that  the 
capacity  of  the  drains  propo.sed  will  he  sufficient,  thougli  not  greater 
than  it  will  be  wise  to  provide.  The  facts  JM'artng  upon  the  xdutiou 
of  this  drainage  problem  are  herein  pretty  clearly  presented.  It 
should  be  observed  that  though  water  was  turiiiMl  into  the  canals 
during  the  first  week  in  .Fatuiary,  water  did  not  appear  in  many  of  the 
wells  until  JIarch  17,  but  that  the  rise  was  rapid  during  the  remainder 
of  the  tnonth.  The  rate  was  approximat<dy  the  same  in  all  iff  the 
wells,  indii'ating  that  the  ri.'^e  was  not  materially  interfered  with  by 
local  differences  in  the  soil.  This  water  re])resents  waste  fntin  canals 
and  from  early  iri'igation  in  sufficient  (juantity  to  raise  the  level  of  the 
soil  water  to  within  '24  inches  of  the  surface  lH'f<»re  it  began  to  decline. 
The  soil  is  sufliciently  pei'UU'able  to  water  to  resjjond  readily  to  the 
action  of  drains  should  they  be  jn'ovided,  with  the  e.\ci'i>tion  of  areas 
where  hard])an  is  fouml.  This  nuitcrial  affects  (he  distribution  of 
irrigation  water  locally,  but  not  the  general  water  level  as  it  ris<'s  dur- 
ing the  irrigation  season.  Drainage  will  not  be  rei|uiivd  after  June 
10  of  each  season,  as  the  water  then  In^gins  to  decline  and  reaches  the 
IhiHoui  of  the  K-foot  wells  in  ."^ejitember.  In  vii'W  of  the.se  ciuulitioiiti 
it  may  !«■  urged  that  draiiuige  by  pinu|>ing  is  esjM'cially  practicable. 

A  single  well  into  which  drains  are  discharged  nuiy  be  pumiK'd 
and  local  drainage  provided.  Investigations  tlius  far  lead  to  the 
opinion  tluit  a  well  or  drainage  smnp  nniy  Ik-  employed  in  this  way 
with  greater  effect  than  was  at  first  supposi'd,  so  that  a  few  land- 
owners may,  in  the  ab.seuce  of  more  comprehensive  plans,  unite  und  in 


65U 


IBKKiATlOX    AND    DRAINAGE    INVESTIGATIUNS,  1904. 


L 


tliis  way  effect  such  drainage  as  they  nood.  It  coiiKl  not  l>e  exj>ecte(r. 
Iiowcver,  to  restrict  tiic  tnnie(it  of  sncli  work  to  tlie  land  it  is  intended 
to  serve,  1k'«iiisi>  of  tlic  readiness  with  which  water  passes  through  the 
soil  of  adjoiiiinji  laiuls.  Tlii>  )dan  is  worthy  of  careful  cousidoration 
and  fXi«'rinn'Ml. 

Soil-water  records  kept  at  Siinn\T5ide,  Wasii.,  for  a  period  of  eiprht-fl 
ecu  months  >lio\v  a  coiidilion  qnite  ditfcrent  from  that  in  tlic  Fresno 
tlistrict.  Califor-tiia.     At  the  taltci-  [dace  the  surface  is  a  plane  with 
uniform  slojtc  of  I  lo  .■">  feet  per  tuilc.  with  no  ditches  for  (lraiuago.fl 
As  nuiy  ln'  Iciirucd  from  (i<rtires  7s  and  7!>.  the  water  talile  rises  to  the 
5-foot  horizon  duriuj,'  the  lirst  part  of  the  )rrigatin<r  season,  reaches 
its  niaxinnnn  height  in  Jtuie.  then  declines  and  falls  l)elow  the  5-foo|fl 
de])lti  limit  in  Scptcndjcr.     The  surface  of  the  Suimyside  district  is 
more  liroken,  the  larger  uidu-oken  areas  luiviug  a  slo]X'  of  '20  to  50  feel 
[>ei-  mile,  with  a  hnal  drainage  relief  in  a  valley  ditch.     The  pnifilesfl 
(tigs,  htl  and  si)  represi'iit  the  fhietuatiniis  of  the  water  talde  at  two 
locations.     Widl  Xo.  11)  is  sihiated  nciii-  the  lower  horiler  of  a  tract  of 
irrigaled  land  extending  fully   1  mile  l>ack.  the  seepagi'  ami  (Irninage^l 
of   which    gravitate   toward    the    well    wlios*-   record    is   reprosi-ntt^l. 
V\\'\\  No.  S  is  on  the  o|)|)nsite  side  of  the  same  valley  and  has  hack  of 
it  only  (wo  Melds  finm  which  seepage  and  drainage  are  derivetl.  ^| 

In  the  (irst  Miil  wa(<T-  reaches  its  lo\ves(  level  in  August  of  the  first 
season,  from  wiiicii  time  it  rises  imlil  Xoveiuher  I  at  an  avi-rage  daily, 
rate,  of  0.43  inch,  then  maintains  this  level  until  .Vi)ril  Hi.  when  it 
begins  to  descend,  reaching  its  l()we>(  level  again  in  .luly  and  August. 
Dtiriug  the  second  season  the  daily  ris4'  is  0.312  inch,  and  rea'lu-s  its 
nni.xiunnu  Xoveiuher  1,  as  in  the  Hrst  season. 

In  the  second  well  the  same  general  movement  takes  j)lBce,  hul  (lie 
area  of  land  liehiud  it  hcing  nuich  suialier.  the  water  level  doe.s  not^ 
retain  any  one  piisi(ii(n  as  jyersistently  as  it  iloes  in  well  Xo.  lit,  wherejH 
the  supply  area  hehind  it  is  larger.  The  rise  hegirr;  in  May.  reaches 
its  ina.xiiuum  Sejiteiulier  1,  which  it  retains  three  niunths  U'fore  it^ 
l)egins  to  decline.  The  average  uniximuin  rate  of  rise  during  the  first^| 
season  was  0.-J(i]  inch  per  day  ami  during  llie  s4"C()nd  season  0.348  inch. 

The  recorils  of  oilier  wells  indicate  similar  ttiictinitions.  but  with 
uiotlilications  which  evidently  tire  the  result  of  the  slojx'  of  the  land 
ami  <d'  local  irrigation. 

The  period  of  high  soil  water  occurs  during  full  and  winter  am 
continues  three  lo  fi\e  months,  while  at  Fresno  it  is  in  niidsumnier 
and  maintains  its  inaxinuim  height  only  cue  month.     It  np|H'Hrs  from 
these  records — 

(1)   That  the  highest  and  longest  conliniii-*!  water  level  of  the  sol 
is  inaiiitniued  near  the  foot  uf  the  more  extended  and  uniform  surfac 
slope. 
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(2)  Tlmt  tlie  (hiily  rute  of  riso  at  any  point  rlepencls  uixju  the 
degi-eo  (if  siirfiice  s1()|h\  tlio  tipenness  f)f  tlie  soil,  and  amount  of  water 
upplii'd  to  tliL'  land  iyiii^  above  it. 

(;J)  That  tlip  daily  rist-  nf  the  water  plane  varies  from  0.20  to  0.43 
inoh  and  that  llu-  daily  dniina^fe  that  should  be  jmjvided  is  a  depth  of 
0.08  to  0.13  ineh  over  the  land  lo  be  drained. 

(4)  That  the  drainajre  retpiired  for  eneh  40  aeres  whicli  show- 
injury  by  satiu'alion  is  0.1  lo  O.-J  eul)ie  foot  per  second,  fequirin;tr  a 
C-ineh  pipe  drain  or  its  equivalent  for  the  greater  amount. 

Tliese  deductions  are  made  from  avei-ajfes  obtained  from  tlie  nieus- 
ureuients  of  rise  of  soil  water.  .V  minute  study  of  these  changes,  as 
well  as  experience  in  dealing  with  soil  water  as  affected  by  irrigation 
and  rainfall,  suggests  that,  whilp  drains  of  the  capacity  indicated  may 
bi'  suflicieut  for  the  work,  loi'al  conditions  may  necessitate  a  doubling 
of  the  drainage  capacity  provided,  wliich  may  lie  accomplished  either 
by  enlarging  drains  or  increasing  the  uundier  of  drains  of  the  smaller 
i-ize.  The  lutniniun)  >ize  for  undtrth-aiiis  to  !>e  used  in  loose  soils 
under  irrigation  should  l>e  28  to  36  sipnire  inches  in  section  where 
they  are  hud  acrass  the  ^Io])e  upon  a  mininunii  grade  of  0.2  per  cent. 

[  DKAIITAGE  IK  UTAH. 

There  is  scarcely  an  irrigated  valley  in  tlie  State  of  T^tah  which  has 
bi?en  cultivated  for  a  term  of  years  in  which  Mnue  of  the  lx>st  land  has 
not  become  too  wet  for  cultivation  ami  abandoned  or  from  which  only 
uncertain  crops  of  inferior  value  are  now  obtained. 

Among  the  several  counties  e.vainined  in  Utah  none  affords  a  better 
example  of  the  conditions  which  |)roduce  boggy  lands,  the  resulting 
serious  losses  siiffercil  by  their  owners,  and  (he  difficulties  in  the  way 
of  their  rechuiuition  than  are  found  in  Washington  County,  near  St. 
George.  The  tract,  which  was  examined  in  June.  1904,  was  at  one 
time  a  barren  lake  bed.  but  when  it  was  irrigated  by  an  extension  of 
the  St.  (ie<irge  and  \Vashingt<»n  canal  it  became  the  most  productive 
land  in  the  Rio  Virgin  \'alley.  The  map  of  this  tract  (fig.  82)  shows 
that  the  caiuil  passes  on  three  sides  of  it.  The  water  applied  flows 
from  the  Ixiundary  towani  the  interior  lower  part  of  the  tract,  result- 
ing in  a  concentration  of  waste  water  in  the  lower  levels  to  such  an 
extent  that  the  ground  is  tilled  with  water  and  the  surface  so  highly 
chargeil  with  alkali  that  much  of  it  is  useless.  The  surface  slopes 
alMJut  30  f(>et  per  mile.  The  stiil  is  deep  red  in  color  and  without 
apparent  stratification,  a  mass  of  nniterial  washed  in  from  the  sur- 
rounding hills.  A  drainage  tliteh  has  lK»en  opened,  into  which  the 
!-ide  ditches  receiving  the  waste  of  irrigation  discharge. 

All  attempts  thus  far  nnule  to  clrain  this  tract  have  proved  unsuc- 
cessful.    The  central  drainage  ditch,  3  feet  and  in  some  places  4  feet 
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deep,  fails  to  drain  tlii'  land  quite  near  it.  ^Vlltpr  flows  from  the 
ditfhes,  yet  the  soil  fontifiiuiiis  to  lliem  is  wet.  .Vtkiili  in  injurious 
quant  it  ii's  is  fouiul  on  the  surface  where  there  is  no  water.  A  rim  of 
productive  land  horders  the  eanul,  but  much  of  the  interior- is 
ahandoned. 

The  soil  possesses  one  characteristic  quite  etmniion  to  irripnted  lands 
which  has  much  to  do  with  its  facility  of  druiiuifre.  It  is  n<)t  disposed 
in  horizontal  layers  or  strata,  as  is  tiie  case  with  most  of  the  soils  in 


Fio.  82.— Map  of  lower  field.  St.  livorge,  I'uh. 

the  humid  aroas,  but  is  a  heterogeneous  mass,  porous,  Inii  not  strati- 
fied. While  it  permits  water  to  move  among  its  particles,  its  structure 
does  not  ninterialiy  aid  tlie  passage  of  water  laterally,  as  is  the  case 
in  a  stratified  soil.  For  itiis  reason  surplus  water  goes  downward 
until  it  fills  the  permeable  soil  Ik^ow,  after  which  it  flows  to  the  lower 
levels  and  tlicn  ri.ses  by  reason  of  the  head  funiisheil  l)y  water  tK'Cupy- 
ing  higher  elevations.  Tliis  accounts  in  part  for  the  presence  of 
water  near  drainage  ditches.    Tliey  receive  the  excess  of  water  after 
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the  soil  has  Im'i'ii  Jill«'d,  Init  ilt»  not  rolimf  tlic  s<)il  of  its  water  of  satti-^ 
ration.  This«in»liti<>ii  is  ("spccinlly  iK>ticval)l('  \v!»cii  Innd  hiis  as  miicli 
sIoj>e  as  is  fouiid  in  tliis  tnirt.  In  t\w  process  xtf  irrij^tion  water  is 
ajiplifd  t)»  thi>  hiylier  tuiid  first;  this  Klls  tlu*  hiwcr  levels  with  a 
supply  fjreater  than  eiin  puss  thrnujrh  the  soil,  so  tiiat  a  part  is  forced 
to  the  surface  at  varitms  points  alonj;  the  tltjwnwanl  slope. 

The  plan  of  ilrainape  ontlineil  on  the  iiinji  ( fi<r.  H2)  is  hut  a  inoii* 
complete  develo[>nient  of  one  npon  which  work  has  already  liegiin. 
The  main  ditcli.  upon  which  eonsidenilile  work  has  lieen  done,  is 
necessary  to  receive  waste  and  dniinafje  water  and  is  hx-ated  in  the 
proper  place.  It  is  now  narrow,  with  nearly  vertical  sides,  which  are 
constantly  caving  and  obstruct ing  the  ditch.  It  shtmld  Iw  made 
wider  at  the  to[j  and  the  excavated  earth  moved  several  feet  awav 
fnini  (lie  haidf,  so  that  the  ditch  can  be  easily  maintained  at  the  de- 
sired depth.  The  drainage  of  the  lanil  shunld  l)e  acconi|)lished  by 
field  drains  c()nstrn<'ted  across  tbe  greatest  slope,  as  indicated  on  the 
map.  and  discharged  into  the  waste  (iitches.  which  should  be  enlarged 
and  deepened.  Ea<'h  of  the  lieltl  drains  will  intercept  a  portion  of 
the  soil  water  coming  down  from  the  np|)er  levels  or  from  below  the 
level  t»f  the  ilrains.  as  the  case  may  be,  and  conduct  it  to  the  outlet 
or  waste  ditch,  which  in  turn  will  ilisj'hargc  into  the  main  passing 
through  the  lowest  ])art  of  the  tract.  'I'he  lateral  or  Held  drains  will 
lie  at  rifiht  angles  to  tiiu  greatest  surface  slope  an<l  in  position  to 
intercept  soil  vvatei-  before  i(  passes  to  the  lower  levels  of  the  field. 

Lnmlu'r  is  (he  1h»s(  uuiterial  for  drains  in  this  section,  if  for  no 
other  reason  than  tJnit  it  is  the  only  material  which  is  not  prtdiibiled 
on  account  of  its  cost.  In  nuiiiy  res|)eets  box  drains  are  not  oidy 
the  most  practical  but  will  pr(i\e  the  most  efficient  drains  that  can 
l)e  iisi'd.  Boxes  ma<le  of  boards  1]  inches  thick,  with  three  siiles 
solid,  the  fourth  side  Ix-ing  open,  with  crosspieces  to  hold  the  two 
adjacent  sides  i[i  position,  are  servicealile  drains.  The  l)ox,  which 
is  ma<le  in  sections  of  convenient  length,  is  [ilaced  in  the  trench,  which 
has  been  dug  to  grade,  witli  the  open  side  d<jwn,  and  the  sections  then 
joined  closely  together.  The  adajitaliility  ()f  such  drains  to  land  of 
this  character  consists  in  their  being  in  s*'ctions  suHiciciilly  long  to  In.' 
self-supi)orting  in  soft,  wet  ground  and  also  in  their  being  closed  on 
top  so  securely  that  soft  and  fluiiHike  soil  can  n<it  enter  them.  All 
water  will  enter  the  drains  from  the  liottom  and  How  along  the  earth 
floors  until  discharged  into  the  outlet.  Field  drains  80  rods  long 
may  be  nuide  with  sides  of  boards  <i  inches  wiile  and  a  top  board  8 
inches  wiile,  having  cross-ties  on  the  iHittom  4  feet  apart.  A  ilrain 
with  lliese  dimensions  has  a  sectional  area  of  33  sfpiare  inches. 

No  lands  in  I 'tab  are  more  seriously  atlected  by  seejiago  and  alkali 
than  those  in  the  vii-inity  of  Huntington,  in  Emery  County.  Many 
acres  formeriv  iiroductive  are  entirely  destitute  of  vegetation.     Some 
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lots  ill  tlio  villiipp  ftirnvrly  occujiied  liv  biiililirifrs  hnvt'  been  almii- 
iloned  Jtiul  lire  now  lioggy  siin!  (-(tvenMl  witli  nlkuli.  Seepajro  is  imik- 
iiifl  rapid  inroads  upon  (Ji-oiliU'tive  iiri'as,  mid  tlu'  pt-iiplt-  realize  tlinl 
llu'V  must  I'l't'laiiii  tlu'ir  liuuls  or  soon  ulmiuloii  tlu'iii. 

The  surface  is  iiiidnlatiii^if  and  cut  into  sinali  valleys,  wliirli  will 
facilitate  the  action  of  any  tlniinafr*'  ditches.  The  soil  is  umh-rliiin 
hy  black  shale  or  slate  in  many  |)laces.  by  the  disintcjtrnitioii  of  which 
the  soil  has  Ik'cii  lar^rely  formed  and  which  also  serves  to  jnvvent 
the  even  distribution  of  (he  soil  water.  <'oncenlratiii<r  it  at  various 
]>oints.  where  it  speedily  jiroduces  saturation  and  later  alkali.  It  is 
noticed  that  the  action  of  water  dijiinteijrates  the  shale  in  places, 
thereby  prodnciiifi;  chaii<res  in  the  sniwoil  which  continually  modify 
the  draiiiau;e  contlition.  Farmers  have  made  wo  attempts  to  open 
main  drainajre  channels  or  to  relieve  the  land  of  suri)lus  water  in 
any  etfective  way:  on  the  eontrnrv.  ailditional  water  has  been  used 
on  those  lands  which  show  alkali  for  the  purpose  of  washing;  it  out 
and  eneounifiinj!:  the  gi'owth  of  certuin  plants  which  llourish  in  wet 
alkali  .soils,  to  f!:ive  the  land  a  ln-ttcr  a|)])earance  by  rea.sou  of  the 
greeu  vegetation,  which  also  affords  some  jiasiuruiic. 

Some  -surveys  were  made  in  the  vicinity  of  lluntiii'rtou  and  a  sys- 
tem of  drairuific"  outlined  and  recommended,  preiimiuiiry  to  detailed 
[ilans  which  could  l>e  executed  later.  Some  soil-water  wells  were  )»ut 
in  and  observations  of  llie  fluctuatiotis  of  the  water  have  ix'en  made 
weekly  diiriiifi  llie  season  for  tin-  piirpoM-  of  determiniiifr  more  fully 
the  difficulties  that  must  be  o\erconii'  in  di'ainiiifi  these  lands.  The 
re.siitts  of  these  observations  indicate  that  the  land  in  that  locality 
must  be  treated  aceordiiifi  to  the  peculiar  conditions  which  develo]* 
in  the  s«>veral  slofies  and  that  exandiiation  of  individual  tracts  will 
he  re(iiiired  |>reparat(U'v  to  adoptiuL;  ]dans  for  adiMpiale  drainage. 
However,  a  few  main  intcrceptinjrr  (Irainajje  ditches  slunild  be  con- 
structed and  will  Ix'  of  general  service.  These  conditions  were 
pointed  out  and  suggestions  made  with  a  view  to  im)iressing  upon 
landowners  the  necessity  of  immeiliate  steps  being  taken  toward  con- 

^— structing  the  main  ditches  preliminary  to  more  coin|»lete  drainage  of 

^f  farm  lands  and  village  lots. 

In  Cache  County  the  land  in  the  \icinily  of  T>ogan  rises  from  the 
.streams  in  a  series  of  beni'hes.  the  lowi'r  lands  being  unilerlaid  with 
clay  and  the  higher  with  gravel.  Only  the  higher  iH-nches  have 
escajx'd  injury  from  the  excessive  use  of  water.  The  How,  in  many 
instances,  is  ai)))arently  thnuigh  crevices  or  channels  in  the  soil,  but 
there  appears  to  be  no  hardpan  or  shale  formation  such  as  is  found 
in  the  locality  in  Emery  County  jirevituisly  descrilx'd.  The  water 
flows  to  the  lower  levels  and  makes  its  appearance  at  the  surface  in 
July  and  August,  indicating  that  there  is  a  comparatively  frw  (low 
through  the  soil  when  the  land  above  Ijecymcs  saturateil.    No  alkali 
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appi'iu>.,  Ijiit  tho  laiul  is  mark'  bu^gy  to  such  an  fxtent  tliat  freqiie: 
only  water  fjnissi's  thrive. 

A  larpi'  immiiIkt  uf  sdii-Matcr  wells  hiivc  lu'en  prit  down  noar  Hyde 
Park  and  weekly  iiieasurena'iil.s  made  to  determine  the  water  eomli-^ 
tions  peculiar  to  the  soils  of  hoth  l)ench  anri  hottom  lands.    Coopera-H 
tive  arraiifrements  luive  iM-en  unul^  with  several  farmers  imder  which 
this  Otlice  and  tlie  I'tah  Experiment  Stati<jn  furnish  the  drain  tile 
and  the  farmers  tlie  lalxtr  for  making  an  ex{M'riment  in  draining 
some  laud  which  lias  iM-come  seeped  from  the  iiiidertlow  of  gravel  land  i 
above  and  unlit   for  the  |)rodiiction  of  the  best  crops.     Drains  werej 
eonstructe<l   in  Sej)tendM'r.  IIKH,  so  that   while  the  observation.s  soj 
far  are  inter<'slin<;  Ihey  ai-e  only  preliminary  and  the  resilllij,  when 
ol)tained.  will  be  made  the  subject  of  a  later  rei)ort. 

CLEAinNQ  DEEDQED  DBAINAOE  BITCHES. 

In  localities  where  the  construction  of  ilredged  drainage  ditches] 
is  contemplated,  inquiry  is  often  made  regarding  tiie  pernnmency 
of  these  channels  and  the  freijuency  of  rejiairs  that  it  may  Iw  nec- 
essary to  nndce  upon  them.  Ditches  of  this  class  wei-e  first  con- 
structed for  the  drainage  of  level  areas  in  Illinois  and  Indiana  about 
twenty-five  years  ago.  The  ada])tatioii  of  the  steam  shovel  and  river 
dredge  to  the  work  of  excavating  ditches  thnaigh  level  lands  gave  a 
marked  impetus  to  the  reclamation  and  iuiprovement  of  farm  lands 
in  those  States,  l^sually  but  little  care  has  been  be.stowed  on  the 
ditches  after  their  construction,  and  in  nniny  instances  they  have 
been  neglected  to  such  an  extent  that  grass,  willows,  and  other  vege- 
tation have  gi'own  up  in  the  channels  and  silt  has  Ixsen  deposited. 
thereby  impairing  their  efficiency.  The  dilliculties  met  in  cleaning 
tlie  small*'!'  dredged  ditches — those  (1  to  S  feet  wiile  on  the  bottom — 
are  the  small  amount  of  excavati(ai  required  on  each  linear  fo<jt  of 
ditch,  the  mucky  an<l  sticky  nature  of  the  mnterial.  and  the  height 
to  M-hich  it  nmst  be  ruis<'d.  Under  such  conditions  the  pi-ice  of  exca- 
vation will  be  high.  The  fii'st  work  of  this  kind  noted  in  Illinois 
is  in  Iroquois  (.'ounly,  a  desrri[)ti<iu  of  which  will  serve  to  indicate 
the  character  of  the  work  already  beginning  elsewhere. 

The  ditches  to  wiiicli  reference  is  made  were  excavated  with  small 
drag  di-edges  seventeen  years  ngo.  They  were  fi  to  S  feet  wide  on 
the  bottom,  ()  to  !>  feet  dee]i,  and  had  side  slojies  of  1  to  1.  The 
gi'ades  upon  which  Ihey  were  dug  were  3  to  i  feet  per  mile.  The 
siile  slo])es  ha\e  remained  approximnlely  as  made,  but  silt  and  wash  ^ 
have  accunudad'd  until  the  bottoms  Inive  l)een  raised  "2  feel  or  more.  ^1 
The  entire  district  of  17,000  acres  for  which  the  ilitches  give  drain- 
age outlets  i>  file-drained,  the  efliciency  of  the  .s«ncral  systems 
de])euding  upon  the  maintenance  of  the  <iredgi"d  ditches  at  their 
original  depths. 
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The  wmilitioiis  foiiutl  heiv  favor  thf  fiiDWlh  of  liixiiriniit  vejjotu- 
tioii  ill  nmiiy  sections  of  the  ditolii*?-.  Tlio  urea  served  by  the  drain- 
iiflf  system  i.s  in  tlw  Ik'U  of  arlosinn  mcIIs.  so  thiit  in  pliicrs  iIkmv  is  a 
constant  snjipiy  of  \viisii>  wuter  tlowinj^  into  liie  dilclii's,  furnidiiiig 
the  best  possible  condition  for  the  growth  of  flags,  water  grasses,  and 
willows.  Failure  to  remove  these  growths  anunaily  inis  jK-rmitteil 
trees  of  consideralile  size  to  grow  in  the  dilc-hes.  In  localites  wliere 
there  is  n(t  artesian  water  it  is  not  nticonniion  to  find  the  ditches 
dry  during  ii  part  of  the  snininer,  in  which  condition  they  nniy  be 
cheaply  cleaivd  of  growing  vegetation.  Some  parts  of  tlie  ditches 
&TV  obstrncled  liy  fine  earth  whidi  has  been  carried  by  winds  fi'oni 
adjoining  [dowed  fielils  dnriiig  the  lute  fall  or  early  sjiring  and 
intercepted  by  the  ditches. 

A  contract  for  cleaning  l(i  miles  of  these  ditches  was  U-t  in  r.>03, 
at  2'i.i  cents  per  cubic  yard.  The  bottoms  were  to  lie  finisited  (i  fe<'l 
wide  and  the  side  .sIojh's  of  the  excavated  ptirtions  made  1  to  1.  but 
the  side  slopes  above  the  j)lane  of  excavation  were  not  to  1h'  changed. 
The  excavation  ran  about  1  cubic  yard  to  the  linear  foot  of  ditch. 
The  work  was  done  with  drag  dredge-.,  but  they  were  operated  clown- 
.streain,  contrary  It)  the  usual  maimer  itf  working  thes«'  mailiines,  in 
onh-r  that  water  for  the  Iwilers  might  lie  constantly  olitained.  There 
were  iwo  lx>ats  on  the  work,  each  with  S  miles  of  dit<'h  to  complete, 
and  the  wttrk  accom]>lished  by  each  was  'M)  to  4fH)  feet  of  ilitcli  in 
twelve  hours.  The  outfits  had  thive  small  houws  on  wagons  which 
moved  from  ]>lace  to  [dace  for  tlie  acconnuodation  of  the  men.  Four 
men  on  a  lM>at  and  one  man  and  team  to  haul  coal  constituted  a  shift. 
"With  the  exception  of  a  few  places  all  the  ditches  pass  through  firm 
earth  and  are  finished  upon  good  clay  bottoms. 

CONSTEUCTION  AND  MAINTENANCE  OF  LARGE  DITCHES 
THROUGH  SANDY  LANDS. 

In  digging  lateral  ditches  in  the  Cypress  drainage  district,  near 
ShawneetowTi,  III.,  a  fine  river  sand  ciiiisetl  some  tronlile.  The  sjwci- 
licd  size  of  these  ditches  was  (>-foot  bottom,  with  1  to  I  slope,  and 
depth  ranging  from  4S>  to  10  feet.  The  excavating  was  done  with 
a  floating  dre<lge.  Trouble  occurred  in  cutting  across  snnill  ridges 
where  sand  was  eiicoiintered  •_'  feet  below  the  surface.  The  motion 
of  the  dredge  kept  the  water  agilateil  to  such  an  extent  that  a  great 
deal  of  fine  sand  was  taken  up  by  the  water  and  held  in  suspension. 
It  also  catiscd  the  sandy  nniterial  in  the  lianks  to  cave  in  back  of  the 
machine.  After  the  dredge  had  passetl  a  sjifficient  distance  for  the 
•water  to  lieconie  quiet  the  suspended  nmtter  was  deposited  in  suffi- 
cient quantities  to  raise  the  bottom  of  the  ditch  0.3  to  O.ft  foot  aimve 
the  line  to  wliich  it  had  been  excavated.  To  obviate  this  difficulty 
3062(>-Xo.  158—05 12 
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the  ditch  was  excavated  wider  and  dwjHT  tlirough  those  places  than 
the  sjwcifications  called  for.     It  is  the  opinion  of  those  wlio  have  had 

exjR-fifiu-i'  in  this  work  that  ditcht's  fxcuvsited  Ihrouirh  sandy  land 
will  n'<]iHrt'  ck'aiiiii'f  kIkhU  two  yeat>  nftei'  cuusli-iwtion. 

In  sotitlieustern  Missouri  a  grt'nt  deal  of  dredge  work  has  been 
done  thiriiifr  llie  \n\st  few  years  in  nmlerial  of  a  nioiv  or  less  sandy 
nature.  The  eonntry  is  iinderhiid  liy  a  sand  stratum  5  to  12  feet 
Ixdow  tiio  sui'faee.  and  it  is  customary  to  excavate  the  ditches  so 
tluit  the  l)(>t(<Mn  will  he  '_'  to  -^  feet  Ih'Iow  (he  lo|i  of  (lie  siintl,  as  Ix'tter 
under(lraina<;:e  is  secured  when  this  sti-atiuu  is  oj)eneil.  The  specified 
slopes  of  the  ditches  are  1  to  1.  The  contractors  dig  the  ditches  1 
foot  rleeper  and  1  to  -j  feet  wider  on  the  hottoni  than  s])ecilied,  to  a  void 
going  over  the  work  again  in  cusi'  of  any  filling  in  of  the  ditch  after 
the  dredge  has  pas.sed.  Usually  very  little  material  falls  into  the 
ditcli  during  construction.  Occasioniilly  in  cntting  through  a  sand 
ridge  it  caves  to  such  an  extent  that  the  tli-edge  must  |)ass  over  it  the 
second  if  not  the  third  time  Ijefore  the  ditch  will  nuiiiitain  its  speci- 
fied diinetisions.  However,  these  stretches  are  sliort  and  infrequent 
and  are  not  regarded  hy  the  coatractoi's  as  serious  difliculties.  Tlie 
greatest  trouble  in  these  ditches  is  due  to  the  caving  of  the  banks 
during  (lie  sftring  thaws.  Ex[>eriencv  so  far  indicates  that  ditches 
■  with  1. 5-foot  full  jjer  mile  will  keep  reasonably  clean,  as  the  caved 
material  is  carried  away  in  susjH'Usion  hy  the  watei'.  Where  the  fall 
is  less  than  l.Ti  feet  |)er  mile  the  ditches  fill  ra|jidly,  and  it  has  \yeen 
found  necessary  to  clean  them  in  a  year  after  construction.  It  is 
thought  that  thereafter  once  every  three  years  will  be  sufficient. 

It  should  he  noted  in  this  conne4'fion  that  the  ditches  in  southeastern 
Missouri  lia\e  no  free  outlet  at  grade,  but  are  extemled  southward 
through  the  valley  until  their  waters  are  dischargeii  hy  overflow  on 
the  lower-lying  lands  or  inl<t  shallow  and  obstructed  channels.  Under 
such  conditions  a  unich  larger  ])ercentagc  of  sediuieut  will  be  depos- 
ited in  the  lower  reaches  of  channels  than  if  they  were  free  to  dis- 
charge into  an  adequate  outlet  stream. 

PLAITS    FOR    THE    DRAINAGE   OF  THE    BOTTOM   LANDS    OF  THE 
MISSOURI  RIVER  IN  SOUTH  DAKOTA. 

Between  the  blulfs  of  Clay  Creek  on  the  east  and  the  Missouri 
River  ami  James  River  on  the  south  ami  west  is  a  large  and  fertile 
valley  comprising  71,000  acre.s.  The  Chicago,  Milwaukt*  and  St. 
Paul  Railroad  passes  through  the  central  poi'tion  of  this  tract.  The 
towns  of  Meckling  and  CJrayville,  on  this  road,  nve  conveniently  situ- 
ated for  the  conunercial  accominodHliou  of  this  territory.  Large 
portions  of  it  have  l>een  cultivated  and  are  always  found  productive 
in   favorable  .sea.sons.     Xo  complaint  has  been  entered  against  the 


:han  V 


DRAINAGK    INVESTIOATIONS. 


659 


land  exwpt  tliiit  it  is  ofttTi  ti«i  wt-t  Un-  profitiiKli-  cultivation,  it  t)fteii 
Ijcing  difficult  to  aecurt.'  tlif  crop  of  wikl  grass  becaiiSL'  of  the  wet 
condition  of  the  soil. 

Not  only  are  the  owners  of  the  land  vitally  interested  in  its  im- 
provement, hilt  the  towns  of  tlie  valley  depeml  hirjiiely  npou  the  hind 
for  their  hiisiness.  The  loss  of  production  for  either  of  the  last  two 
years  aumnnt.s  to  a  smn  which  if  a]>[)lied  to  drainajife  would  easily 
pay  for  all  of  the  main  ditches  requiretl.  It  is  a  matter  of  public 
ct>neern  tliat  land  of  this  character,  with  ready  market  and  transpor- 
tation facilities,  Im-  drained.  Koads  may  then  lie  cstahiiNhiMl,  fai-uv 
improvements  made,  and  the  land  cidtivated  in  the  most  approved 
manner. 

The  (jnestions  arise:  How  may  this  result  he  hron*rht  ahont  ? 
What  are  the  preliminary  steps  to  lx>  taken  toward  it.s  aecuniplish- 
ment  <  What  will  he  its  cost  I  What  laws,  if  any.  should  he  enacted 
to  enaljle  owners  to  coudiinc  and  drain  large  areas  and  distribute  the 
cost  e(|iiitably  over  the  laiul  imi)roved^ 

For  the  purpose  of  ohtainin^  answei-s  to  these  questions  and 
gettino;  at  the  nuitter  in  a  c<anpn>iiensive  way.  some  of  tlie  citizens 
p<'titioned  the  <  )ftic-e  of  K.vperinient  Stations  of  tlie  Fnited  Stales 
Department  of  Agricnllnre  for  such  assistance  as  the  Deparlment 
inifiht  Ik'  aiile  to  give.  Tlie  matter  was  referred  to  the  irrigation  and 
drainage  investigations,  and  the  report  herewith  snhmitted  gives  the 
result  of  snch  investigations.  A  preliminary  plan  and  estimate  were 
made  and  suggestions  were  offered  relative  to  State  legislation  n])on 
draimige. 

BUKVEY. 

In  the  absence  of  knowledge  concerning  levels,  slopes,  nalnrc  of 
streams,  and  natnral  depressions  of  the  ai"ea  to  lie  di-aineil.  it  was 
decided  to  make  a  h^vel  survey  from  which  a  drainage  ])lan  cnuid 
Ix-  developed.  This  was  done  in  August.  li)i)4,  hy  John  T.  Stewart, 
in  charge  of  field  surveys.  A  description  of  the  manner  in  which 
this  survey  was  made  may  1m'  of  service  to  engineers  and  others  inter- 
ested in  similar  projects. 

The  first  step  was  to  collect  such  information  concerning  the  land 
in  question  as  conid  1h'  obtained  from  th<'  county  records.  Con- 
venient plats  for  held  use  were  made  ujion  Ijand  OIKce  townshij) 
blanks  on  a  scale  of  2  inches  to  the  mile.  Upon  these  were  traced  all 
Land  Office  data  and  such  roads,  ditches,  and  sloughs  as  were  sliown 
on  the  county  maps.  A  day  was  then  spent  in  making  a  general 
I'econnoi.ssance  by  driving  over  the  area,  in  order  to  become  somewhat 
familiar  with  its  geiu-ral  topognijihy.  In  this  rec(»innussance  it  was 
seen  that  the  section  lines  could  he  easily   fuUowed,  us  whei-e  they 
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Were  not  mai'ki'd  hy  tiiglivvays  tliero  wfiv  fi-nw.s  or  turning  rows 
locutfil  on  llicm.  iirul  iifurly  nil  ihc  oni'-(iiiarter  and  one-sixteonth 
section  lines  coiiKl  be  npproxiniati'lv  hn-ated  on  tlie  ground  bv  fence 
or  field  lines. 

From  the  ree(»uiioi>.--iinfe  uikI  the  tielrl  jjlitts  it  was  found  that  Held 
measurements  eonld  he  obvinted  ity  using  land  lines  for  ItK'ations. 
and  all  addilioiiiil  diita  neeessarv  could  lie  obtuiued  by  riuining 
levels.  The  plan  decided  on  aiul  tarried  (^ut  consisted  in  running 
levels  along  parallel  north-and-south  section  lines  2  miles  apart,  ex- 
tending from  the  ridge  whicli  marks  the  higli-water  bank  of  the 
JItssimri  Kix'er  to  the  foot  of  tiie  l)lu(l'.  A  perniaiieiil  bench  mark 
of  tlie  Slissoui'i  liiver  C<«umission  survey  furnished  the  datum  for 
the  levels.  Ix-vcl,s  were  rcc<n-de(l  iit  each  one-)|niirler  mile  along  the 
lin«'s  sui'veyed,  the  instrument  being  set  midway  between  the  one- 
qiuirler  inih'  turning  jjoints.  'I'nrning  jwints  were  taken  on  short 
wooden  jiegs  driven  to  (lu'  uiitin'al  sin'face  of  the  ground.  A  target 
rod  was  used  and  read  liy  bodi  levelnuui  anil  rndnum. 

A  light  lwo-h()r»e  rig,  with  <lriver.  was  kept  on  the  line  and  use<l 
to  convey  llie  rodman  from  one  turning  point  lo  another.  As  the 
rodman  moved  one-iinai'ter  mile  at  a  time  and  there  was  usually  a 
gootl  road,  there  was  a  considerable  saving  of  tin»e  in  the  use  of  the 
rig.  which  was  also  used  ftn-  coineyiug  (he  party  to  and  from  work 
and  for  carrying  water,  lunch,  and  such  survey  stakes  as  were  needed. 

From  a  to  10  mile?,  of  level  lines  wefe  run  per  day.  The  gi-owth 
of  high  grass  and  weeds  often  retarded  the  work.  The  nuuil)er  of 
side  shots  which  weiv  necessary  to  secure  desired  <lattt  also  <Mit  down 
the  day's  run,  ."^ide  litu-s  were  also  run  to  the  lowest  [Kiints  in  slnughs 
or  depressions  1  uiile  each  side  of  the  main  line.  Where  there  was 
water  in  the  sloughs  the  elevation  of  the  wat<'r  siu'face  was  tak<>n 
and  the  depth  found  by  sounding  from  a  boat  or  wading.  The 
level  of  the  surface  of  the  water  of  both  Missouri  ami  Janie.s  rivers 
was  also  obtaitu'd.  The  high-water  nuirks  were  obtained  from  points 
located  by  rrsideiils.  and  the  low-wati>r  marks  were  dclermined  from 
the  plats  of  the  Missouri  River  Commission.  Bench  marks  wen* 
cstatjiished  at  nearly  all  section  corners  and  were  made  by  driving 
3<l-permy  spikes  inlo  corner  fence  posts  or  telephone  poles  at  the 
surface  of  the  grouiul.  a  blaze  lieing  made  about  4  feet  above  the 
spike  and  tlie  elevation  marked  upon  it.  Each  night  the  elevations 
were  recorded  in  their  pro|>er  locations  n])on  the  field  jilats. 

After  the  completion  of  the  level  work,  the  line  between  the  cul- 
tivated and  wet  land  was  sketched  upon  (he  field  maps  l)y  personal 
inspection.  Aflei-  the  data  had  all  lioen  collected  and  platted  the 
interior  watershed  boundaries  and  lines  of  proposed  ditches  were 
located  on  the  field  nuips.     A  corrected  ma])  on  a  scale  of  1  mile  to 
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1    inch  was  nfttTwanls  muik'  up   fnun   l\w  field  iiiiips  atid  is  licre 
riliowii.      (PI.  IX.)     Tho  rust  (if  ihi-  >iirvfy  was  !l^  fylluws: 

Cunt  uf  niHiilfiij  Hii  tiilU'»  (if  Icrrls  ami  iiiitkiuii  field  iiIiiiid  anil  •■.■<timatc». 

Engineer,  14.5  days'  leveling,  at  ftJ  i-er  day f8T.  00 

Knglneer.  5.5  dnyH'specinl  Held  exuniliiatiuns,  at  $0  perday.     33,00 

RtMliuan.  1-4.5  days,  at  $l."."i  iht  iliiy 25.37 

Livery  liire,  team  and  driver.  'JXi  days,  at  |3  t»er  day <iO.  00 

Railway    fare 2.25 

Total   cost  of  surve,T 207.02 

EiiKlneiT.  12  dnys"  olflt-e  work,  nt  W  per  day 72,00 

Dniftiiig    HUi)|)Ile8 1.50 

Total  (twt  i>f  pliuis 73.50 

Tiitii!  lost  <if  survey  iiml  pltum ._   2SI.  12 

Ilegiirdiiig  tliis  proliminary  siirvt-y,  it  slioiild  fw  siiii]  that  nidy  siif- 
licicnt  work  wus  done  to  furnish  the  iiifornuilion  rwjiiirotl  for  dfvcl- 
opiiifi  a  gein'fal  phiii,  yet  all  levels  are  aei'tirate  and  are  connected 
with  and  cheeked  iiptm  (Tineruineiit  river  siu'vey  U'nch  marks.  .V 
list  and  descriptiun  of  bench  marks,  which  were  fixed  at  euch  st»ctioii 
corner  of  the  surveyed  lines,  accompany  ihe  rejiort  and  map  which 
were  filed  with  the  auditor  of  Clay  (.'onnty,  the  exiJense  of  which  is 
not  ineludeii  in  the  alnive  memorandnm.  The  survey  was  inexpen- 
sive, yet  snfficiently  fnll  for  forininjr  a  comprehensive  |5hui  for  tho 
drainage  of  Tn.(MM)  acres  of  hiiid.  an<l  estaldished  a  snfticient  lunnher 
of  points  from  which  future  surveys  for  detail  and  construction  work 
can  be  made  wheiK'v<'r  re)[nired. 

TOPOGRAPHY. 

A  profile  itv  sc>ction  of  three  of  tlie  lines  running  from  the  river  to 
the  blutf  sliows  tliat  tlie  .surface  near  Clay  CrL-ek  is.  in  every  case,  2 
feet  or  nu>re  lower  tlian  the  surface  of  tin'  laud  onedialf  nnle  distant 
from  the  Missouri  Kiver  haidis;  that  the  hanks  of  the  river  are,  with 
a  few  exce|itions.  higher  than  any  land  found  in  crossing  the  valley 
directly  toward  the  blutT,  and  that  the  valley  luts  a  slope  of  K  to  12 
inches  per  mile  from  the  river  directly  toward  the  bluff  (fig.  K\).  It 
is  also  observed  that  the  general  slojn'  down  the  center  line  of  llie 
valley  in  a  southeasterly  direction  toward  Wruiilion  River  is  about 
1  foot  per  mile. 

SOTIBCES   OF  WAXES. 

The  water  to  be  considered  in  draining  the  valley  comes  from  three 
sources:  (1)  Clay  Creek  and  its  trilmtaries;  (2)  overflow  from  James 
Kiver  between  Missi<in  Hill  and  its  junction  with  the  Missouri:  and 
(;j)  direct  rainfall  upon  the  surface  of  die  trni't.  Water  from  all  of 
thei*  sources  contributes  at  times  to  tin-  injury  "f  liie  land.  U>\-  which 


662  IRRIGATION    AND    DRAINAGE    INVESTIGATIONS,  1904. 

m 


F 


DBAINAOE    INVKrtTIOATlONS. 


668 


no  a(l«niate  remedy  lias  Uwii  provided.  Chiy  Cn-ek  hriiifrs  tho 
druinage  from  n  wnUTsht'ti  of  r>0,(X)0  m-res,  mid  'J'lirkey  C^rtH'k  tlmt 
from  31),000  acros,  nil  near  the  head  of  the  valley  and  17  miles  from 
any  river  outlet.  The  entire  urea  to  Ite  (Iniiiii-d  ilin>M;j;h  the  outlet  of 
Clay  Creek  ehannel  is  H>(),t)(M>  m-res.  alxnit  ;ili,UUU  ucre.s  of  this  being 
valley  land  and  the  remainder  hill  land. 

PLAN   OF  DBArNAGE. 

The  plan  oiitHiied  on  the  map  (PI.  IX)  contains  the  following  fea- 
tures: 

(1)  A  large  channel  on  the  line  of  Clay  Creek  diteh,  e.xtemling 
from  the  l)ridge  alwut  2  miles  ahove  the  town  of  Vermilion  upstream 
to  the  norllj  line  of  see.  irt,  T.  04.  R.  r>4,  a  distaiH'e  nf  17  niih's, 

(2}  What  may  he  called  the  Meckling  ditch,  to  take  the  general 
course  of  the  old  ditch  hearing  that  name,  as  shown  ii|K)n  the  map, 
the  same  to  discharge  into  Clay  Crei'k  ditch  and  form  a  part  of  the 
Clay  Creek  ditch  system.  Its  total  length,  as  mapijcd,  will  he  10.75 
miles. 

(3)  The  riayville  ditch,  which  provides  the  main  drainage  for  the 
land  south  of  the  railroad.  Its  source,  or  head,  is  east  of  Mission  Hill, 
in  Yankton  County.  It  pas,ses  through  and  drains  a  chain  of  sloughs 
and  discharges  into  Vcrniilion  Kiver  near  the  niilroail  hridge  west  of 
the  town,  having  a  total  length  of  liO.ri  miles. 

(4)  Two  levees  5  feet  higli  along  James  River,  one  at  Mission  Hill 
and  the  other  near  the  month  of  (hat  stream,  to  prevent  (lie  (irdinary 
high-water  Hoods  fi'om  breaking  over. 

The  main  ditches  named  divide  the  valley  into  areas  of  siach  size 
that  drainage  hy  lat<'rals  can  1m'  acc<iniplislii'd  without  great  difllculty. 
Clay  Creek  ditch  may  he  used  for  draining  ;1U,()()0  acres  of  the  valley, 
ileckling  ditch  for  8,7(M)  acres,  and  (layville  ditch  for  32,600  acr«s. 
The  tract  north  of  the  Milwaiike<'  Railroad  may  1m-  drained  independ- 
ently of  that  on  the  s<ailh  side,  autl  vice  versa,  though  hy  n-ahon  of 
the  level  character  of  the  land  one  portion  can  not  be  drained  without 
incidentally  benefiting  the  other, 

SIZE   OF   DITCHES. 

The  Clay  Creek  ditch  watershed  has  some  peculiarities  which 
should  Ir'  considered  in  determiiiiiig  the  size  of  its  i-hannel.s.  The 
larger  portion  of  the  water  to  U-  carri*'!!  is  received  at  or  near  the 
upper  end.  The  rini-otf  of  ;W,(M)(J  acres  from  Turkey  Creek  and 
t'.O.OOf)  acies  from  the  head  of  Clay  Crwk  is  delivered  to  the  ditch 
along  the  upper  2.."i  miles  of  its  length,  coming  to  it  through  natural 
channels.  The  ditch  also  receives  the  drainage  from  about  3i),000 
acres  of  valley  land.  Iiroiight  to  it  by  lateral  ditches,  as  well  as  from 
22,000  acres  of  hill  land  lielow  Turkey  Creek. 
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Starting  at  the  liridge  1  mile  iiliove  the  junction  of  Clay  Cr<'ok 
witli  \'criiiili<)ii  Kiver  as  an  outli't  puint,  tliu  ilitch  will  luivi-  a  ^'Ufli' 
of  1  foot  \wv  mill'  for  II  niilt',s  and  of  1..")  to  2  fwt  per  mile  for  tlic 
rcmniniiifj  distance  of  (i  miles.  Tlie  width  of  the  l)oftoin  of  tlic  ditfli 
for  the  lower  11  iiiilo  will  In'  50  feet  and  its  tlepth  (J  to  !)  feet.  From 
a  point  where  the  {jfrade  increases  to  2  feet  jK'r  mile  to  Turkey  Creek. 
a  distuiice  of  3.5  miles,  the  bottom  width  will  Ih-  35  feet.  From  that 
point  to  the  end,  a  distance  of  "2.5  miles,  the  iMittom  wiilth  will  be  30 
feet.  This  ditch  is  designed  to  <'aiTy  one-fourth  of  an  inch  of  water 
each  Iwenty-fonr  hours  from  the  t>ii(ire  head  end  of  the  wnteixlied, 
which  extends  from  the  upper  eutl  of  the  ditch  norlhwanl  al>out  40 
miles. 

The  (luyville  ditch  will  drain  32.000  acres.  It  will  have  a  hottoni 
v.idlli  of  ICt  feet  at  the  oiitlcl.  which  is  at  Verudlion  River,  niid  will 
diminish  in  size  as  the  up|K'r  cud  is  approached.  It  will  \k  6  to  13 
feet  deep,  except  in  the  deep  sloughs,  and  20.5  miles  long. 

ESTIMATE   OF   COST. 

The  estimates  herein  subniitte<l  indicate  the  approximate  cost  of 
e.xecutiufi:  the  main  drains  desci'ihed.  The  valley  may  l>e  taken  up  in 
two  separate  .systems — the  upper  and  the  lower — or.  as  the  map  .show.s. 
the  Clay  Creek  ditch  antl  the  Gayville  ditch,  with  their  several 
tributaries. 

Clou  Crcric   ni/i)trni. 

Clay  Creek  ditcli  excavation  $112,  .i07 

Turkey  Creek  dUcb  exeiivntlun 740 

Mwkllnt!  tlltrli  excavation   2«», SSO 

I>iii«iiii;i'   chiiTiis,   Cliiy   Crtt'k 10,000 

rtintiji).'!-  cl.iliiis.  Mi'ckllnc  tlltcli 3,  tJOO 

OrKiiiilxiUioii  jiikI  contingent  exiteiises,  5  jier  cent 7.  H50 

Total   cfist      154.483 

(Niimlifi-  iif  jH-reH  ttenefitiMl,  3.8,7<K(:    average  cost  per 
acre,  $il.m. ) 
Lnternl  ditcheM  for  nimv  coiniilcte  ilriilniigo  of  lands  and 
roinVs  : 
.Main   sj-.-stein,    laterals   dUi-liarglu);   into    Clay  Creek 

iill<-Ii.  ;B  miles  .- $20,100 

Mei'kllng  ditch  system.  S.!."!  miles 4.728 

Contingent  ext>ense«,  10  i«t  i-ent X^fSH 

Total  cost   37,211 

(Average  cost  iier  acre,  $0.9<{.) 
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(lailfiUc  (lilrh   xuxtvm. 

Gnyrllle  ditch   cxcaviitlon    *r>4.384 

I^evee  on  Jiiiues  River,  3  iiiilen 4,  120 

Dfliiiiige.H    (1,000 

ContiiiKfiit  Hxin'usps,  7  Jier  cent 4,.">1.'> 

Totiil  c()8t   - tK).(iU> 

(Niuiil)er  of  iicrwj  l»cneflte<l,  2r),00f»;   nvcrniri'  c««t  x»'r 
acre,  $2.70. ) 

Lntcnils  for  Oiiyvlllp  iliti-li  x.VMtcm,  .31  miles ?2ri.  ttl4 

CoutiiiKcut  px|)eiis«>s,  1(1  [HT  i.t'iit.-' , 2,  .T«il 

Total  i-08t   . 28.  175 

(Avcmee  wst  jxr  Hcre.  $T.i:i. ) 

The  estimates  on  lateral  systems  are  hero  given  to  imlicate  the 
probable  final  expense  of  sucli  dizains  as  will  In.-  rctjuired  fur  botli 
farm  imd  road  improvement.  Tliey  are  shown  ii))on  the  map  for  tlie 
"j^nrpose  of  indicating  the  general  plan,  but  shoidd  be  eonstrnctetl  in 
foi  iiection  witli  the  im|jroveinent  of  the  road  system. 

These  estimates  are  of  a  preliminary  nature  ami  indicate  only  the 
genr-ral  and  average  elements  of  expense  whieli  may  lx>  encoinitered. 
Damages  to  projierty  and  right  of  way  for  ditches  may  be  placed 
at  high  figures  by  some  boards.  I^egal  expanses  are  an  ex<'eeflingly 
\ariable  feature  in  ditch  ca.ses.  It  should  be  understood-  in  all  cases 
that  the  profwrty  affected  by  the  improvement  must  pay  the  cost 
of  c(uistrnctioii  of  ttu'  main  ditclies.  Any  unnecessary  increase  of 
exiH'nse  merely  reacts  upon  tliose  who,  under  the  laws  relating  to 
draimige,  must  pay  the  bills.  These  estirmites  may  be  regarded  as 
siiflicieutly  <'Iose  to  determine  tlu'  iiracticabihty  of  the  project  herein 
proposed  for  the  )h-aimige  of  the  valley. 

EFFECT  OF  KIVKR  BACKWATER. 

The  two  main  ditches  will  discharge  into  Vermilion  Kivei'.  The 
low  watermark  recorded  In'  the  river  survey  at  the  mouth  of  Vermil- 
ion River  is  24. <J  feet.  As  near  as  can  Ix'  determined,  the  high  water- 
mark is  'IQ  feet  above  this.  Accoriling  to  thes<'  figures  it  may  U> 
ex[M'cted  that  the  high-water  stage  of  Vermilion  Uiver  will  affect 
(he  flow  of  the  ditches  for  a  <listance  of  10  miles  u[)streain,  but  ihat 
it  will  not  seriously  affect  the  drainage  of  adjoiiiiug  land  for  more 
than  4  miles  back  unless  the  extivme  high  stage  shonld  Ik-  long 
continued. 

COOPEKATION  OF  TWO   OOTJlTriES  REatJIRED. 

The  [linns  outlined  involve  the  itu])rovemi'Ut  of  liuid  in  two  conn- 
ties.  Clay  and  \'ankton.  The  portion  lying  in  Yanktun  County,  if 
drained  at  all,  nuist  Ik?  drained  through  Clay  County  to  Vermilion 
River,  as  indicated  in  the  descriljcd  plan.     Cooperation  of  the  two 
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•'oiiiities  in  this  work  is  the  uiily  projx'r  way  to  hiindle  the  proj 
(ion. 

It  will  Ih'  noted  from  tlu'  i'stimat*»s  j^ivcu  lliat  whili"  the  agrgrre^i) 
exi)eiise  is  Inrp-  tiu'  nniounl  jmt  hitp,  when  flisirihiitetl  over  the  whc 
area,  is  small.     Tlic  main  ontlets  for  dnunafri"  should  l>e  constnicU 
id   the  expense  of  all   the  land  atfected,  and   thus  beconio   comma 
outlets. 

DRAINAGE  LAWS. 

A  project  of  this  magnitude  ran  not  lie  worked  out  without  th( 
a.ssistanee  of  a  ilraiiuifie  law.  South  Dakota  has  a  law  intended  to 
meet  the  requirements  of  citizens  who  wish  to  drain  thtdr  farm 
hind.s,  hut  in  the  iil)si»nee  of  an  allinnation  hv  the  court  its  constitu- 
tionality is  questioned.  In  any  event  some  amendments  will  1>p 
required  to  make  the  present  law  appliuahle  to  ]irojects  re<jniring 
comhitu^d  drainage.  The  statute  as  it  now  staufls  makes  no  pro- 
vision for  the  issue  of  draitnige  Ixnids  secured  hy  liens  upon  the 
lands  assessed  for  the  iniproveiuents.  It  is  Itetter  economy  for  land- 
owners It)  pay  interest  on  bonds  for  a  time,  while  their  land  is  InMiig 
reclaimed  and  hroughl  into  a  more  productive  condition,  than  to  i)ay 
the  entire  uniounl  in  cash.  Money  applied  in  developing  farm  land 
will  bring  ijuich  greater  intei-est  than  is  called  for  by  the  bonds. 

The  method  of  making  ass(\ssmculs  for  U'liefits  and  the  preparation 
of  assessment  rolls  is  not  sufficiently  defined  in  the  present  law.  The 
liability  of  the  district  and  county  in  the  construction  of  highway 
and  Held  bridges  is  not  provided  for.  No  [)rovision  is  made  for 
securing  right  of  way  for  ditches  by  condenuuition  proceedings,  _ 
which  may  somclinu's  be  necessjiry  in  carrying  out  a  pnijiH-t.  ^ 

It  is  (iislinctly  stated  that  all  ditches  shall  in-  completed  from  the 
outlet  upstream,  a  thing  that  is  impracticable  in  lai'ge  works.  The 
matter  of  giving  projicr  legal  luitices  to  all  landowners  (lirongh  the 
ditl'erent  stiiges  of  work  is  not  suflicicutly  jirovifled  for.  fl 

A  careful  jwrusal  of  the  later  eiuiduients  on  draiiuige  of  other" 
States,  when  compared  with  the  South   Dakota   law.  will   bring  to 
light  (he  fact   thiit  (he  latter  is  legally  and  physically  deficient  in 
many  inijxirtant  respects.     A  tirainage  law  f.hoidd  form  a  complete^* 
rule  of  procedure  from  start  to  finish.     It  should  lie  of  such  a  charac-^ 
(cr  that  it  miiy  l»e  followed  s(e]>  hy  s(ep,  with  the  as.surance  that  when 
it  is  so  followed  the  h'gality  of  proceedings  can  not  be  attacked. 
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SX70OESTI0NS  AS  TO  OBOANIZATION. 


Before  any  drainage  j>roject  can  l>c  carried  out  harmoniously  a 
large  majority  of  the  landownei*s  shoidd  appivciate  the  necessity  of 
the  work  and  fav<)r  it.     The  liiw  merely  permits  the  comity  commi 
bionei's  to  presecutc  such  work  under  ])rovisions  which  will  secure 
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each  property  owner  an  equitabli?  division  of  the  cost,  and  li is  rights 
in  HiL'  works  when  coniplett'd.  While  niider  tlie  law  one  or  more 
owners  may  legally  present  a  petition,  it  is  desinilile  to  have  as  many 
owners  as  practicable  signify  tlieir  indorsement  of  the  project  by 
signing  the  petition. 

The  drainagi*  of  the  valley  under  consideration  may  l)e  taken  up  in 
two  divisions.  Any  further  division  would  be  unwise.  Tiie  interior 
or  lateral  tlitches  outlined  upon  the  niu[)  may  or  may  not  be  included 
in  a  petition  for  main  ditche.s.  A  petition  for  either  of  the  main 
drainagi^  plans  may  1»  drawn  describing  tin-  territory  to  Iw  included 
and  the  ditches  tobect>nstnictcd.  Such  a.p<'titimi,  vvhen  accompanied 
by  a.  sufficient  bond  and  tiled  with  the  auditor,  brings  the  matter 
under  the  jurisdiction  of  the  county  board.  The  Iwiard  unist  then 
proceed  as  directed  by  law.  The  history  uf  this  class  of  work  in 
other  States  emphasizes  the  nece.ssity  of  having  a  clear  and  well- 
estaldished  drainages  hiw  in  force  and  of  a  close  adherence  to  the  let- 
ter of  the  same  in  every  essential  particular. 


Fio.  U.— Section  of  old  Iowa  River  Icree,  built 

In  ISM. 


RECLAMATION  OF  OVEBFLOWED  LANDS. 

The  fertile  overliowed  lands  lying  along  the  alluvial  streams  in 
Indiana,  Illinois,  and  Iowa  attracted  the  attention  of  settlers  many 
years  ago.  As  early  as  1858,  a  ru- 
dimentary system  of  protection  for 
these  iM)ttoin  lan<ls  was  begun  ((ig. 
84),  but  no  well-organized  i)lan  of 
improvement  was  carried  nut  until 
187S.  The  greater  |)art  of  these 
lauds,    imw    included   in   drainage 

districts,  has  been  improved  since  1890.  The  difficulties  encountered 
in  making  this  cla.ss  of  improvements  have  in  many  instances  lieen 
greater  than  landowners  exjiected,  so  that  the  results  of  the  work 
have  not  uncommonly  l>wn  disajipointing.  In  order  that  the  ex|)eri- 
ence  thus  far  gained  in  reclaiming  ovcrdowed  lamls  might  Ih'  col- 
lected and  made  available  to  those  desiring  to  repair  injured  w<»rks 
or  execute  new  ones,  an  investigation  of  the  peculiar  conditions  upon 
whi<-h  the  success  of  such  inij)ro\einents  depends  was  carried  on  dur- 
ing a  part  of  the  year.  An  examination  was  made  of  the  lands  lying 
along  the  Wabash  River  in  Indiana,  the  Illinois  Kiver  from  Peoria 
to  Kampsville,  in  Illinois,  aiul  the  Mississipi)i  River  from  Albany, 
111.,  to  Ijouisiana,  Mo.,  and  information  obtained  through  interviews 
with  engineers,  attorneys,  commissioners,  landowners,  and  others  who 
were  familiar  with  this  class  of  work,  and  by  jiersonal  inspection 
and  meusurement  of  the  structures  of  different  reclamation  systems. 
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ILLINOIS  BIY£B. 


I> 


t 


iKittonis  along  tlic  Illinois  Hiver  varj'  in  width  from   1   to  " 
inileH.     Thi-  livi-r  iisiuilly  Hows  noiiivr  to  the  bhiffs  on  one  sitle  of  ii? 
viilk'v  Uian  to  those  on  the  other,  leaving  the  bottom  lands  at  any 
point  htrgely  on  one  side  of  Uie  river.     The  stream  has  been  improved 
for  navigation  by  means  of  Im'ks  and  dams,  there  IxMng  three  of  thi*>e 
strnctwrcs  on  this  section  for  the  purpose  of  maintaining  a  navigiible 
ehannel    througliont   the   hjw-water   period.     On   account    of    the>e 
improvements   the   river   does   not   reaeh   the  old    low-water    st.-ige 
between  Peoria  and  Kampsville,  where  the  lower  dam  is  locate^fl 
Tlie  gange  readings  now  used  tire  often  based  upon  a  different  dutinii 
from  tlnit  enii)lityed  ijefure  (be  thims  were  built.     At  Havana.   III., 
the  lowest  gauge  reading  since  1800  is  1.7  feet,  recorded  in  Septemixr, 
I8f)t;,  and  tlie  highest  is  m.it  feet,  recorded  in  Mardi.  lOfH.     The  lat- 
ter is  the  liighest  flooil  ever  recorded  at  that  place  and  is  notable  by 
rea.son  of  the  fact  that  the  water  remained  above  the  19- foot  mark  fa^| 
ten  days.     From  18fl0  to  1S!)S  the  fiigh  water  ranged  from  !>.0  to  17.S 
feet,  during  two  years  of  which  time  it  failed  to  reach  the   l:i-foot 
mark.     From  18!)7  to  1)>04  it  ranged  from  13.7  to  19.9  feet,  reachir 
during  four  of  these  years  the  IK-foot  mark. 

Near  the  mouth  of  the  river  the  flood  diil  not  rise  n.s  high  in  IOC 
as  in  1003,  due  to  the  stage  of  water  in  the  Mis.sissippi  River. 
ISKU  the  Mississippi  was  not  luntsually  higli,  so  the  flood  water  of  the 
Illinois  had  a  free  discharge,  while  in   1903  tlie  extreme  floods  on 
the  Mis.sissippi  produced  an  upstream  current  in  the  Illinois  which 
was  quite  perceptible  at  Kampsville  and  its  effect  was  noticed  as  faf| 
up  as  Beardstown.     Conse((iiently  tlie  1003  flood  in  the  lower  reache 
of  the  Illinois  River  was  higher  than  the  one  of  1004. 

I)urin<r  the  period  covered  by  the  gange  readings  the  mnxinntm 
yearly  Hoods  have  occurred  from  March  to  .Iidy.  that  of  1904  occur- 
ring the  latter  part  of  March,  while  the  next  highest,  10.2  feet, 
recorded  on  the  Havana  gauge,  occurred  late  in  .Inly,  1002.  fl 

The  river  channel  along  the  bottom  lands  is  skirted  by  a  ridge  or" 
bank,  which  is  approxinuitely  12  feet  above  low  water.    The  surfaw 
slopes  to  1  to  4  feet  ln-Iow  this  ridge,  so  tiuit  the  lands  lie  S  to  12  feet 
above   low    water.     In   i>Iaces   there   are   oUI   channels  and   sloughs^ 
which  are  much  lower  than  the  surrounding  land.  ^ 

With  the  exception  of  an  occasional  sand  ridge  these  bottom  lands 
have  a  gray  alluvial  soil,  iK'coining  black  when  mixetl  with  vegetalile 
matter.     They  are  covered  with  a  dens*-  growth  of  timl)er.  and  in 
their  native  condition  furnish  some  pasturage  in  the  late  snnwnerfl 
and  fall  months.     Wien  cultivated  (he  higher  parts  yield  crops  alwnt" 


two  years  out  of  three,  but  the  lower  parts  are  flooded  so  fnvpiently 
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that  tlipir  fiiUivatinn  is  unr'nifitnblt'.  All  of  tlifse  Iwttoni  lands  wlien 
siifficiiTitly  (IniijKHl  ami  prupt'ily  cullivtiletl  prutluw  large  crops  of 
corn  and  wheat. 


PEKIN-LAMARSII    I-KVEi:   .\NI»  DRAIX.XGE  DISTKICT. 

This  district  lies  across  the  river  from  the  oity  of  Pekin  (fig.  85). 
It  cx)vers  ai>  area  of  2,500  acres  and  is  protectcil   on   all  sides  by 


Kit,.  V>.— M)i(.  ul  IV'klji  I^iiiiii>li  leVLt:  itii'l  <lriiliiiijfe  dtbtrict. 

levees  except  about  1.5  iiiile>  on  the  northwest,  whei-e  the  blutf  forms 
the  hack  line  of  the  district.  An  organization  was  effectefl  in  inSi) 
and  work  completed  in  18!>0.  The  Peoria  and  Pekin  Fnion  Had  way 
grade  was  used  foi'  1.5  miles  as  a  levw  on  the  northwest  siile  from 
the  river  to  the  bhilF.  Five  miles  of  new  levee  were  constructed 
along  (he   river  bank   and    (ij>   Lumarsh    Creek   to   the   bluff.    The 
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work  was  done  with  scrapers  auil  the  levee  finished  with  a  1^  to  I 
slope  on  the  river  or  out  side.  1  to  1  slope  on  th«  distrirt  or  in  sids, 
and  3-foot  top.  Tlie  fouiidatirm  for  the  embankment  wi^  not  pre- 
pared in  any  way.  stiunps  inid  lugs  Ijeing  left,  iiml  in  some  iDstaom 
trees  not  being  even  fut.  anil  tlie  earth  for  eonstruction  wan  taken 
from  both  sides  in  sinh  a  manner  as  to  leave  a  large  continnous 
ditch  on  the  inside.  The  railway  company  filled  in  a  trestle  and 
raised  their  track  in  the  section  used  as  a  levee,  bnrying  the  old 
tiinijei's  and  tics  in  both  cases. 

The  drainage  ditches  were  constructed  with  scrapers.  A  pumping 
plant  was  built  at  tlie  iijistreain  corner  of  the  district  and  a  circular 
outlet  4  feet  in  diameter  was  made  at  the  downstream  corner  for 
gravity  drainage.  The  only  hill  water  flowing  into  the  district  is 
that  wiiicii  falls  on  the  slope  of  tlie  iibili'  bordering  the  l>nck  line  of 
the  district.  The  present  pumping  plant  consists  of  a  Menge  pump 
with  two  wheels,  having  a  capacity  of  .">00,00n  gallons  per  hour. 

Tlie  district  was  flooded  in  11HI-J  from  a  1>reuk  in  the  railway  grade, 
caused  by  the  water  seeping  along  the  old  ties  until  it  carried  the 
levee  away.  During  March,  liKH,  the  water  ran  over  the  lower 
part  of  the  river  levee  and  also  over  the  railway  grade,  causing 
a  break  at  each  of  the.se  places.  After  the  interior  became  Blled  with 
water  great  ihnnage  was  done  to  the  levees  by  wave  action  on  the 
inside. 

It  is  now  acknowledged  by  those  interested  in  tlip  district  that  the 
original  cross  section  uf  the  levee  was  too  small,  and  that  it  was 
faulty  construction  to  build  a  levee  without  fii-st  preparing  the  foun- 
dation to  prevent  seepage,  to  use  banks  with  timbers  running  trans- 
versely across  Ihem,  and  to  have  lK)rro\v  pits  on  the  inside;  also  that 
it  is  not  economy  to  buy  inferior  or  secondhand  niachinerv.  The 
drainage  .system  would  have  l)een  more  eflicient  if  the  ditches  had 
iM'cn  made  with  a  dredge  and  the  pumping  jjlani  located  at  the  down- 
stream corner  of  the  district. 


LACEY    LEVEE    AXD    DRAINAGE    DI.STRKT. 


Tliis  <listrict  lies  across  tlie  river  from  Havana  (fig.  SO).  It 
covers  an  area  of  5,180  acres  and  is  protected  by  9.5  miles  of  levees, 
7  miles  being  new  levee  and  2.5  miles  on  the  north  side  an  old  unused 
railway  grade.  The  bluff  forms  the  back  line  of  the  district  for  u 
di.stance  of  1  mile. 

Work  was  begun  in  ISO".  T\w  river  part  of  the  levee  was  built 
on  the  ridge  which  marks  the  river  Imnk  in  ordinary  high  water, 
with  a  2  to  1  slope  on  the  outside,  1  to  1  slope  on  the  inside,  and 
8-foot  top  (fig.  87).  It  varies  in  height  from  (>  to  13  feet,  averaging 
8.1  feet.     The  foundation  was  prepared  by  clearing,  grubbing,  and 
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thoroughly  plowing  the  entire  width  fif  the  haae  of  the  embankmont, 
one  short  section  having  ii  -t-foot  muck  ditoh  nnclor  it.     The  work 
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UC£Y lima  DRAINAGE  DI5T. 


FHf.  Wi. — Miip  (if  Liii'ey  Ifvov  and  >lDiluitKi'  -It-iri'  [ 

was  done  with  scrajwrs,  the  earth  being  taken  from  the  outside  and 
a  lO-foot  berm  left,  between  the  Ixirrow  pit  and  the  tw  of  the  'ilope. 
The  only  storm  water  coming  into  the  district  is  that  which  falls  on 


Ifntr  Sur/lK* 


Fig.  87. — Laeej  dtetrlct— ctmngc  in  section  of  levee  iilnc«  Bret  constructed. 

the  slope  of  the  bluff.     The  hind  is  drained  l)y  a  system  of  dredge 
ditches  G  feet  deep,  but  with  no  fall.     The  pumping  plant  is  located 
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I'oar  the  iniiidle  of  thi-  liver  levee  and  consists  of  two  higii-six^il 
engines,  two  horizontal  fire-tube  boilers,  and  two  horizontal  cen- 
Irifiifial  piiiiipN  with  20-iiiih  discharge  pii^es,  each  puuip  having  n 
capacity  of  750,(K)0  piUoiis  jier  hour. 

This  levee  failed  because  it  was  not  built  high  enough.     The  top 
was  su])pos«.'d  to  l)e  '20  fwt  above  low  water.     In  19(hJ  the  river  rose  U 
19.2  feet  and  ran  over  tlic  old  railway  grade  whicli   serve<l  as  t 
north  levee,  flooding  the  district.     In  March,  1904,  the  rivtT  rose 
19.(1  fiH?t  and  ran  over  the  low  places  in  the  levee.     A  brea^k  in  t 
railway  grade  was  caused  l>y  a  wave  which  came  from  a  crevasse  i 
nn  old  levee  on  Spoon  lliver.     After  the  district  wa.s  flrxxled  the; 
were  liigh  winds,  wliich  greatly  injured  the  levee  by  wave  action  on 
Iwth  inside  and  outside  where  not  protected  by  timber. 


tCiAI.    (KEEK    LEVEE    AND    DRAIN.\G£    DISTRICT. 
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This  district,  inclosing  7.000  acres  lying  across  the   river  from 
]5c!irdsl()wn.  wii-;  orgiitiized  in   \M)~   (fig.  88).     The  Chicatni,  Uur- 
liiigtuii  mid  t^hiiiiiy  IJailway  grade  is  used  as  a  levee  from  the  rivet 
1o  the  bluff  on  the  ea.st  side.     Six  miles  of  new  levee  were  built  oi 
the  soiith  and  west  sides,  it  not  Iwing  necessary  to  levee  against  the 
liver  water  on  the  north  side,     ^^'ith  tlie  exception  of  a  .short  soctioa 
at  the  north  end  of  the  west  levee,  work  was  done  with  a  dipper 
dredge.     The  levee  was  raised  to  3  feet  alwve  the  1844  high  water- 
mark and  was  huih  with  a  3  to  1  slope  on  tlie  outside.  2  to  1  slope 
on  the  inside,  and  no  s|>ecified  width  of  top  (fig.  89).     The  foun-H 
dulion  and  the  land  used  f<u'  tlie  borrow  pit  were  cleared,  the  stumps 
(lynainitcd  and  iiulled.  and  roots  taUen  out  to  a  depth  of  3  feet.     The 
<'urtli   was  all   taken    fruiu   tiie  outside,  a  20-foot  berm   being  left 
Ijetween  the  edge  of  the  Ixirrow  |^it  and  the  toe  of  the  slope. 

The  levee  as  built  by  the  dre<lg<'  is  rnugh  and  irregular  both  on  top 
and  on  the  slopes,  caused  l>y  tin-  ihnuping  of  the  dirt  2.5  yards  at  a 
time.  In  finishing,  many  places  were  a  little  low  and  re<piired  onlv 
a  small  amount  of  material,  but  a  whole  dippcrful  of  earth  was  nec- 
essarily dumjK'd,  making  some  places  a  foot  or  more  higher  than  nec- 
essary. The  lowest  ])Iaces  were  brought  to  the  re«|uired  heiglit,  but 
the  entire  surface  of  the  levee  is  covered  with  a  series  of  liuinps  of 
varying  heights  above  the  required  grade.  There  was  a  tendency  of 
the  banks  to  run  and  slide  during  construction,  due  to  the  soft  con- 
dition of  tlie  material  dug  out  of  the  water  and  the  succes.sive  droji- 
ping  of  the  lieavy  material  on  the  bank.  On  account  of  this  runninpr 
of  the  buidfs  only  a  part  could  be  put  ui)  at  a  time,  so  the  dredge 
boat  had  to  ])ass  two  or  three  tunes  before  the  levee  was  completwl. 
Ik'cause  of  this  sliding  a  great  deal  of  e.xtra  material  had  to  be 
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moved.     "Wlipii  tlio  tiuUerial  finally  settled  in  ])l)ice  the  loviH"  Ix^camo 
niore  solid  tluiti  if  it  had  lii>eii  ])iit  up  dry  by  siTiipcr~. 
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III..  ^H.— Miip,.!  Ci.ui  ireik  luvi'fiiiiil  (Imlimei' •IMrii  I 

t'oiil  Creek  runs  diagonally  across  the  district  from  the  river  to  the 

hliiir.     This  stream  was  diverted  where  il  enmes  out  of  th<'  hills  hy  a 
ditfh  which  was  conslnieted  iilotig  the  foot  of  the  Ijliill,  iiitereejiting 
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Fio.  W,— CmU  Ciwk  •Ilnrlot— »<?ctlon  uf  !*%■««  noKirwled  wiili  iIIpiht  <lri'<1g\-. 

in  its  course  several  .sniali  creeks  which  come  out  of  the  hills  and 
leading  their  wafers  around  the  north  end  of  the  west  levee  lunl 
thence  to  the  river.     The  elumnel  of  ('oid  ("n-ek  wa.s  dredged  oul  to 
3(X)20— No.  168—05 Ki 
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litcli  of  llie  intt-rior  tlraiimgt'  system  of  tlio  fli^trict. 


^ 


fonn  the  niiiiii  i 

The  ptiinjjinjr  jiliiiit  is  ItKrated  ut  tlio  Idwor  hikI  of  this  channel  and 
consists  iif  one  -Jl-iiich  iriul  two  15-inch  Iirnizoiital  tcntrifiigal  iniinp!), 
having  n  comhinol  ciipiifity  of  l,r»83,()(H)  fralhms  ]x-r  liour.  Powor  is 
furnislied  liy  ont*  Iwilor  nnd  a  Corliss  coiidi'iisiiif;  oiigine. 

The  liiiid  has  not  yd  Im^'m  fully  rccluiniwl.  It  has  not  liefn  flixjilfd 
iiy  rivi'i-  water  >iiiuT  the  completion  of  the  levee,  but  t\w  water  from 
tlu'  hill  streants  has  not  ln-en  conlmlled.  so  that  reiieatcd  iiuindatiuns 
have  occurred  from  (hat  s^mnre.  Coal  Creek  and  the  little  stream.-- 
which  flow  out  of  tlu'  hlntf  are  so  heavily  charged  with  soiliiiient  that 
they  fill  the  channel  of  the  iiiterwpting  dilih  and  cause  its  water  to 
flow  over  the  waste  J)ank  in  sui-h  quantities  that  the  pumping  plant 
can  not  remove  it.  Owing  to  this  difficulty,  the  interior  ilrainage 
system  has  never  Ikm-u  completed.  During  high  water  there  is  n  great 
deal  of  see[)age  through  (he  railway  grade  and  some  throiig-li  the 
district  levee.  It  is  lluaight  (hat  if  a  niitck  ditch  had  heen  du|;  in  the 
foundation  (jf  llu"  levee  and  reiilled  there  would  have  IxH'n  no  s«'epage. 
as  the  water  <loes  not  go  through  the  emhankment.  hut  through  the 
upper  3  fwt  of  the  original  earth,  which  contains  a  great  deal  of 
vegetable  matter. 

IXDIVIDIAI.    FARMS    I'IfOTEtTEII    IIV    I.EVEES. 

Ill  the  \iciinly  of  llilhicw  there  aiv  liin'c  tracts  of  lanil  whicl) 
have  l>een  leveed  liy  owners  without  the  aid  of  the  Stale  law.    (PI.  X.) 

'Hie  Ilnrtwell  I'liiich.  containing  an  area  of  4.0O0  acres,  was  levet-d 
in  iJSSlt.  The  le\ee  was  cheaply  constructed,  having  steep  slopes  and 
a  narrow  top  and  the  givater  part  of  the  dirt  being  taken  from  the 
inside.  The  land  imlosed  receives  a  large  amount  of  hlutf  water,  and 
several  dredge  diti'lu's  have  been  uuuie  for  the  interior  drainage. 
During  low  water  drainage  is  effected  through  a  sluice  gate  into 
Apple  Creek.  During  high  water  the  gate  is  closed  and  the  water  is 
ruisi'd  with  a  Menge  pumj),  hut  it  has  not  suflicient  capacity  to  remove 
the  water  as  rapiilty  as  il  collects.  The  levee  was  broken  by  waves 
during  the  flood  of  liMU  aiul  the  ranch  was  thmded. 

The  KoU-rts  ranch,  situated  between  the  Ilartwell  ranch  and  the 
river  and  covering  an  area  of  S.OtK)  acres,  is  entirely  surrounded  by 
levees  whos«"  construction  was  siniilur  to  thos*-  of  tin'  Martwell  ranch. 
The  leve<*  broke  in  I'M'.i  an<l  1*.>04,  due  to  the  action  of  the  waves  and 
of  the  water  nmniiig  over  the  top.  This  was  the  only  [wiiit  in  the 
Illinois  River  levees  where  a  deep  crevasse  was  formed  sinnlar  to 
those  which  occur  in  the  Mississijipi  levee.s.  The  drainage  water  is 
carried  by  open  ditches  to  the  pumping  station,  which  is  on  the  river 
levee.  The  pumping  plant  consists  of  a  :i4-inch  iioriznntal  ilirect- 
cotniected  r-entrifugal  pump  having  a  capacity  of  1,200,IX)0  galloUH 
per  hour. 
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The  I^woiistt'iu  farm,  coiiNistiiifr  of  COO  iirrcs.  is  prdtortoil  l)y  a 
U'Vi'c  liiiill  with  ii  Li  to  1  .slope  uu  llic  oiilside  urul  ii  l\  (<i  1  slope  ou 
the  inside,  with  a  4-fo()l  (nji.  Tlie  f<iim<Iiiti<ni  was  firiildiwl  and 
ploweil  and  till'  dili  Wiis  all  laki'li  fl'ulii  the  inside.  Tlie  hiiiil  I'eeeiM-s 
tiu'  hint!'  water  fi'nni  an  area  !..">  miles  li>n;r  li.v  I  mile  wide.  During 
low  water  il  drains  Ijy  a  gravity  outlet.  Km-  Iii;;li  wali-r  a  Mnifrc 
pnitip  willi  two  wheels  was  provided.  This  plant  failed  In'oaii-e  the 
[junip  <'<iidd  not  Ih'  kepi  in  working  order,  and  so  it  has  not  lH»eii  run 
(he  past  two  year's.  The  levi'e  hmke  in  r.)(j;$.  due,  it  is  tlioM|!ht,  to 
Imrriiwinjr  hy  nuiskrats.  In  l!K)i  the  water  stood  for  ten  days  within 
1  foot  of  the  top  of  tlif  levee,  lint  it  did  not  hreak.  Part  of  the  land 
on  the  inside,  however.  I>ecame  ton  wet  for  rultivation.  iKratise  the 
[iiiiiipini^r  maehinery  I'onhl  not  he  operated. 

The  levees  liave  failed  to  fully  reelaim  thes«'  tra<-ts  of  land  from 
the  following  causes:  In  tlie  Harlweli  raneh  the  levee  did  not  have  a 
siifli<'ient  cross  seetioii,  was  [loorly  roiistrurled.  and  the  pumping 
maehinery  was  not  of  snHtcienI  eapaeity  to  hamlle  ilie  large  ([nanlity 
of  water  whii-h  came  from  the  bluffs  through  tlie  dislriet.  In  the 
Kolierts  raneh  the  levee  was  not  high  enough,  nor  of  sntlifient  cross 
section.  In  tlie  Lowenstein  fai'm  the  levee  was  not  (d"  >idlicieni 
height  and  cross  section  to  withstand  the  water,  and  ilie  pumping 
{•hint,  though  in  place,  was  not  in  working  oriler. 

WABASH   KIVER. 

The  lower  ^\'abnsll  Kiver  has  a  range  of  -21  feet  Itotweon  low  and 
high  water-,  the  channel  lianks  averaging  I'J  to  1")  feet  uImivc  low- 
water.  At  various  jwints  along  the  river  between  Clinton  and  Vin- 
cennes  organizations  ha\e  In-vn  formed  under  the  Slate  laws  and  the 
work  <d'  protettiiig  tliese  lands  fi-om  Hood  waler  has  U-gun.  The 
Hrevoort  levee  at  Vineenne.s  wa.s  liegun  forty  years  ago.  and  has  been 
in  its  present  condition  for  sixteen  years.  All  other  reclamation 
work  has  been  done  within  the  past  ten  years. 

A  levee  op|K)site  Clinton  protects  l.'ilM)  acH's.  This  district  is 
drained  hy  gravity  through  an  oiitllow  culvert  consisting  of  fcair  -24- 
•nch  sewer  pipes.  During  i-onstriiction  fleep  borrow  pits  were  left 
on  the  inside  of  the  levee  and  in  times  of  high  water  they  fill  with 
see])  water,  but  otherwise  the  drainage  of  the  district  is  g(M)d.  This 
leVLH'  failed  in  l'.in4.  The  nia.vimiiui  Hood  overtopj)ed  the  eml>ank- 
ment  by  l..'i  feet,  but  crevasses  were  formed  l)efoiv  the  flood  height 
was  reached.  Otie  crevasse  was  attributed  to  ihe  effect  of  borrow 
pits  and  the  others  were  probably  due  to  faulty  construction  and 
insuflicient  cross  section. 

The  Blocksom  levee,  near  Terre  Haute,  was  completed  in  1;mH.  and 
has  not  yet  lieeii  sidijecled  lo  a  flooil. 

The  Sugar  Creek  levee,  on   the  opjtosite  side  of  the  river   from 
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Terr*'  Hjtiitf.  [jntifcls  l..">()()  lu-rcs.  This  was  liiiilt  iil  n  'ilopo  i)f 
(o  1  un  t'licii  side  willi  :i  ti-fnol  crown  riiisL'd  !..">  fcft  iiljove  liiofli-wator 
murk  (fip.  !Kt).  Tlic  dislriit  has  gravity  drainuge  through  one  4^- 
iiK'h  mill  out'  ■J4-in<'!i  onillow  i-iilvcrl. 

Ill  tile  west  jmrt  of  Sullivan  {'oiiiity  tliori""  arc  two  levees.  One, 
the  Island  levee,  near  Sullivan,  is  8  miles  in  length,  ])rotecting  an 
are;i  of  Ci.OOO  acres.  The  nthei-.  ihc  (Jill  Townslii|i  levee,  protects  an 
area  of  l-i,00(i  acres.  The  cross  sections  of  these  levees  are  the  same 
as  the  Sugar  Creek  levee  descrilieil  aimvc.  Consideralile  water  pa.sses 
tliruiigli  these  district-^  and   each    has  si-verai   oiitHow  culvertji,   the 


Surface 


Fig.  IW.— SinKllliit  wiii.iii  of  Sugar  CriM-k  Icwc. 


larger  ones  heing  '^  feel  in  diameter,  eonstriieted  of  masonry.  In 
the  (Jill  district  two  Menge  ixiiiips,  each  of  TilHUHK)  gallons  jier  hour 
capacity,  are  now  lu-ing  installed. 

The  Brevoort  levee  at  Viiiceiuies  protects  \-2.(M)  acres.  It  has  a 
slope  of  '2.  t(t  1  on  the  river  side  and  U  to  1  on  the  land  side,  with  a 
3-foot  crown  raised  4  feet  ahove  high-water  mark  (fig.  fll).  This 
district  is  drained  hy  two  large  ditche-i  wliicli  ilis<'liarge  under  the 
levee  tliroiigh  stoiu-  imtllow  culverts  '?,  feet  in  diameter.  During 
high  water  the  low  pari  of  the  district  is  fliwxled  hy  back  water,  and 
a  pimiping  plant  is  necessary  fur  complete  tlrainage.     This  le\'ee  was 


Flo.  <Jl.— Spttiflcrt  wotioti  of  Breviiort  Icvpe. 
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(lie  only  one  on  the  river  which  wilhstuod  the  llKli  Hood  without  a 
creva.s.se,  although  tl  reipiired  constant  patrolling  and  strengthening 
of  weak  places  to  hold  it  intact. 

MISSISSIPPI  KIVEK. 

.\long  the  XIissisP)p])i  Kivcr  the  larger  tracts  of  hottoni  lands  nsii- 
ally  he  opposite  tiie  Idiills  nearest  the  river,  hut  in  some  localities 
Ihere  are  extensive  Hats  cm  Iwth  sides  of  the  stream  which  are  more 
or  lc>s  rut  up  hy  old  chaimels  and  Imyoiis  that  in  higli  water  beconu' 
iiiivigahle,  hul  in  low  water  either  dry  up  entirely  or  heeouie  lakes) 
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and  s](ni<rl)s  of  slujriiimt  wati-i'.  The  soUs  of  tlii'sc  hottuin  Inmls  vai-y 
from  !i  l»!iii-k  "  tiiiiiiltn"  to  ii  coarst'  huiuIv  hmiii,  n  li<rht  siunly  loam 
U'iiijr  tho  more  coiiiiiH>ti.  Tlicy  iiri'  all  very  ferlilf  ami  wlu'ii  ciilti- 
vatml  yieltl  liirfrc  returns  of  roni  and  vepi-taMes. 

Tlie  avei'iifje  fall  of  the  reaehes  of  the  river  which  Imi-ih'r  Ihc  low- 
hmd  is  approximately  (>  inches  per  mile.  The  river  has  u  rise  and 
fall  of  ii;l  feet,  the  hifrh-water  period  occnrrinji:  from  March  to  June. 
Diiriiitr  low-water  period  tlie  river  is  approximately  (>..'i  mile  wide, 
while  during  high  water  it  varies  from  I  to  <>  miles.  The  low-water 
channel  has  been  improved  for  navigation  liy  wiufr  dams  hiiill  tint 
from  the  slu)re  anti  l>y  dam-i  thrown  ai-ross  the  head  of  side  chamiels 
and  hayons,  the  (thject  of  these  strnctuics  heing  In  cnni'eiitrali'  the 
water  in  the  main  ciiannid 
and  keep  it  free  from  har-. 
by  the  en»ding  force  of  the 
water. 

( )n  iKith  sides  of  the  ri\ii' 
these  holtom  lands  have 
U-en  paj-tially  reclaimeil  by 
organizations  niider  the 
State  laws  fui'  di'ainagf 
purposes,  liy  the  United 
Slates {loveriiment  for  ri\er 
impnivement.or  hy  a  comlii- 
nation  of  the  Iwii  for  drain 
age  and  river  improvement. 

MKRKIHiClA    l-I.A'r. 

At  .Vll)any.  111.,  is  a  s<n'- 
tion  of  !o\\  land  known  as 
the  .Meredocia  thit.  hounded 
on  either  side  hy  highland 
and  extending  from  \h<- 
Mississijipi  Kiver  to  Uoik 
River.  Previous  to  its  im- 
[imvement  the  water  of 
either  ri\er  at  flood  lime 
flowed  Ihrough  this  flat. 
During  low-water  periods  it 
foi'itied  a  conlinuiMis  string 
of  sloughs.     The  lanrJ  was 

imnroVCil     in      1S!)7     by     the       Fuj.  92.— Mupul  Mtrfdixiu  ltvr-e(iii'l'lrainii(;i'ill«iri<t. 

Meredoeia  levee  aiid  drainage  district.  (Fig-  J)--)  <)ii  the  divide 
iK-twwii  the  two  rivers  7,800  feet  of  levee  with  a  maximum  height  of 
IS  feet  were  built  to  [jrevent  the  flooding  of  the  district  by  R(ick  River. 


I 

I 
I 


678 


IRRIGATION    AND    DRAINAGE    INVESTIGATIONS,  1901. 


A  Icvcc  7,4(Ml  fi'i'l   ill  Icngtli,  vvilli  an  <)iitsi(k>  s1i)Jh»  of  3  to   1,   iit.siilc 
KU>|)e  of  2  tu  I.  1((-f'(»()t  orowii,  and  iiiuxiiiumi  lu'ight  of  33  feot.  was 
Imilt  at   (lie  lower  I'xti'ciiiilv  <if  lln'  Hat   to  shut  out   tlip  Mississipjii 
Rivfi-  Hoiuls.     Ill  tlic  lii'i)  of  llif  Hat  tlii>  Ifvcc  was  Imilt  on  a  natural 
foundation  of  7  fi*et  of  "  friinilio ""  iinihM'liiid  l>v  sand  aiul  gfravol.     A 
nnicU  diti'li  constnit'tiMl  uikUt  tin-  «'iitin'  l<'n<rtli  of  the  levoe  an<]  tlie 
enilinnknit'iit   itself  wen-  l>iiilt  of  "gnniin)."     Twenty  per  cent    w;is 
iiddml  to  til*'  height  for  shrinkage.     During  k)w  ^yater  drainagi*  i^ 
throiigli  an  oiitdow  enlvcrt  consisting  of  two  l)i-ineh  pipes.      During 
high  water  drainage  is  etfei'ted  \>y  a  ;U)-iiu'h  horizontal  centrifugal 
punij)  direct  connected  to  a  double  vertical  engine,  the  pnnip  having 
a  ca|iacilv  of  1. .">(>(). (Mill  galimis  [u-r  hour.    While  the  district  contains 
an  area  of  only  s,iMK>  a<res,  it  is  estimated  that  the  drainage  of  i!5,r>Mi 
acres  is  handled  at  the  pumping  station.     During  extreme  high  water 
a  few  "iMiils"  have  developed  in  the  flat.     W'hh  these  exceptions  the 
levee  iuis  since  its  construction  withstood  all  Hoods  without  any  special 
patrol  or  rejiairs  and  is  in  gtiod  condition.     All  of  the  lanil  is  not 
thoroughly  rechiinied  for  the  reason  that  it  has  never  Ix'en  siitliciently 
ditched  to  make  good  farm  land  of  the  lowest  |)art  of  the  Hat,  yet 
nuuiy  acres  have  been  rede<'nied,  and  the  entire  district  is  sufficiently 
drained  for  meadow  land. 


XHSCATINE  ISLAND. 


Muxaline  Island  i.->  a  L'O.OOO-acre  tract  near  Mu>ratine,  Iowa  ( lig 
(•3).  cut  off  from  the  highland  l>y  an  old  ri\i*i  chauuei  known  locally 
as  Muscatine  slough.  The  surface  differs  from  the  lowlands  usually 
found  along  the  river  in  that  it  i.-  more  iiiidulating,  the  sjuni  ridges 
on  the  u|)peri'nd  of  the  island  rising  in  many  placi's  ahuvi-  high  water, 
and  there  is  one  ijuile  prominent  .sand  hill  near  the  river  hank.  The 
land  contiguou>  In  ihc  slough  is  low  and  Hat.  .\n  a(li'm|>t  to  protect 
thi>  island  friuii  tlood  water  was  liegun  as  early  as  l!s,5y,  hut  on  account 
of  legal  diltictilties  work  was  discontinued  tiiitil  ai>ont  twenty  years  ago. 
when  it  wa^  again  taken  u|>  and  c(»m|deted. 

A  levee  was  constructed  along  tin-  river  liaiik  from  the  head  to  the 
mouth  of  the  slough.  At  the  upper  pari  of  the  island  for  a  distance 
of  4  or  r>  miles  the  only  work  done  was  lo  till  in  the  low  iilaces  hetween 
saiitl  ridges.  .\.t  lirst  the  lower  end  of  the  island  was  left  o|)en  Ix'- 
tween  the  month  of  the  slough  and  llie  liliiff,  hut  experience  soon 
proved  that  the  [ilan  was  faulty,  as  the  Hood  wnti'r  from  the  river 
hacked  up  the  slough.  caiis«'d  it  to  ovcrHow.  and  Hooded  the  lowlands 
of  the  island.  To  prevent  this  a  levee  was  hnih  from  the  river  to 
tlie  hinff  a  short  distance  ahove  the  mouth  of  the  slough.  The  drain- 
age of  the  slough  was  provided  for  hy  an  outflow  culvert,  consisting 
of  three  3('i-inch  pit)es  laid  in  the  bed  of  the  old  channel  under  the 
levee.     At  present  there  are  V\  miles  of  levTO,  ranging  in  height  from 
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zero  to  \'2  fi'cl.  tlu^  maxiiimiii  li<'i<>:lit  tjcfiirriug  only  in  the  lowest 
plaees.  Thii  levee  wais  pniliiilify  Imilt  at  ii  '2  to  1  slope  on  eiieli  side 
with  a  4-fuot  crown,  wliieh  was  a  small  cross  section  for  sandy  mate- 
rial. Erosion  and  settlcinenl  liave  reduced  tliis  section  until  the 
levee  is  |UTvenled  from  lircakinp  duriii{>;  extreme  high  water  only  hy 
the  vigorons  efforts  of  n-sidents.  At  high-water  periods  the  valves 
at  the  outflow  culvert  close  and  the  sloujrh  acts  as  a  reservoir  to  hold 
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Fill.  '.<3.— Mnpof  Vunmline  l.>lAn>l  Uvn-  i1i-iri<'t. 


the  stoi'in  wnlcr  until  the  river  falls  snfKciently  for  the  valv('>.  lo  open 
and  gravity  drainaj^e  to  iH-gin.  As  a  ri'sult  there  is  a  great  deal  of 
land  lying  along  the  slough  too  wet  for  cultivation. 


MCSCATI.NK    INI.AM>    IRRKIATIOK. 


In  the  wmthern  part  of  the  district  ordinary  field  crops  are  raised, 
but  in  the  northern  part,  near  Sluscaline.  vegetables  and  melons  are 
the  principal  [iroilucts.  <  >n  account  of  the  sandy  nature  of  the  soil 
and  the  rapidity  with  which  it  dries  out  in  snnniier  irrigation  was 
tried  in  181)4  and  has  since  been  jiractieed  more  or  less  extensively. 

An  irrigation  well  cousislsof  a  (xiinted  S-inch  pipe  driven  approxi- 
nuitely  'Jt>  feet  into  iIh'  earth,  in  which  the  water  stands  0  to  VI  ieet 
Udow  the  surface  during  the  irrigation  season.  The  part  of  the  pipe 
which  exteu<l<  down  into  the  water  stratum  is  perforated  with  slots 
one-fourth  inch  wide  and  !•_'  inches  hing.  staggered  so  as  not  to  weaken 
the  pipe.  On  top  of  the  well  jiipe  is  attached  a  collar,  to  which  the 
pump  is  boiled.  Some  of  the  wells  consist  of  thrw  or  four  4-inch 
pipes  connectetl  at  the  top  in  place  of  one  S-inch  pijie.     Centrifugal 
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^^m  i)iiiiii)>  widi  "i-incli  and  orcnsjnnally  a  (i-iiicii  ili.sduirf!:e  are  ust'cl.     The 

^^B  ptinip  is  riHHintcil  uii  ii  cii^t-inm  fi-aine  l»()lt<>(l  to  two  timber  sills  which 

^^m  fi'st   in  two  small  lirm-lu's  dii^r  in  the  carfli.     The  suction    pipo  is, 

^^H  l)olt('<l  to  tlic  i-olluf  of  llic  Wi'll  lul)i'.     'Ilu-  iiniiip  can  l>e  iiiovi'fl  on 

^^B  siitall  sled  from  ont*  well  to  aiuitliiT  in  ulnxit  tlirco  hours.      Power  \i 

^^B  fnrnislicd  liy  a  [lortalili*  cnfrint'.     The  i-o^t  of  a  wfll,  ronipJeto.  is  S^7;>J 

^^M  and  of  a  •'>-in<'h  |inni|)  ivady  to  ntlacli  in  it,  $14.'i.     Tlie  engines  usi 

^^1  arc  fitlicr  s<>condhand  tliraslniijyt  (Miirin<^s  or  those  kept  for  other  pur^ 

^^1  posc.s.     No  record  Inis  Iwcn  kept  id"  irrigation  operations,  so  that  the' 

^^B  data  collected  are  those  fnrnislicd   l>y   the  gardeners  from    iiiemorv. 

^^M  The  average  c()st  of  ii'rigating  is  as  follows: 

^^^^^H  >if  hriixitinii. 

^^^^^^1  por 

^^^^^H  1  mnii  111  nin  engine 2<» 

^^^^^H  1  iiiiiii  til  tend  water 12.  .5 

^^^^P  KncI    22.  .5 

^^V  Total  cost  of  I'unninj;  (inui;»  one  hour o."; 

^^H  Area  Irripiteit  in  iiae  luair,  ()..'>  itcre. 

^H  Totn)  cimt  uf  Irrigutint,'  1  acre.  $l.W. 

^^m  During  the  summer  of  JtilX).  the  last  extremely  dry  son-son,   14 

^^1  jjumps  were  o])eni(i'd  anil  approximately  1.0(10  acres  iiTigated.  .X^i 
^^B  the  irrigating  [ilanls  are  not  wsft]  every  year,  and  during  only  a  jinrt 
^^H  of  the  season  in  dry  years,  (here  is  no  special  preparation  of  the  Miil 
^^1         fur  ir-rigation. 

^^B  Tlic  well  is  located  on  (lie  liighest  ]iart  of  the  area  to  hi'  watered. 

^H         The  pump  is  started,  and  a  head  ditch  is  made  with  a  plow,  the  water 

^^  following  in  the  fnrrow  after  the  plow.     Wien  (he  head  ditch  has 

f  hecn  carried  as  far  as  it  is  desired  to  take  the  waler,  the  water  is 

tiinicil  down  between  (he  rows  at  the  lower  end  of  the  head  diich. 

As  s<M>ii  as  it  has  rcacheil  the  farlhei-  end  of  the  rows  the  head  ditch 

is  dammed  and   the  water  (timed  lietween  new  rows,  thus  working 

from  the  outer  end  toward  the  wtdl, 

Foi'ly  acres  lia\e  hecn  irrigated  from  a  single  well,  hut  iisnally  10 
to  15  acres  is  as  large  a  tract  as  can  lie  economically  watered  from  one 
well.  Water  is  api)lied  one  to  three  times  a  se^ison.  The  i-rops  irri-  ^| 
gated  are  swivt  ](ota(ues.  tomatoes,  cahhage.  wiUcinnelons,  and  ciintn-  ^| 
loupes.  The  cash  value  of  the  crops  varii-s  from  $;$.">  to  $200  per  H 
acre  with  an  average  of  $1)0  par  acre.  Everyone-interviewetl  on  the  H 
suliject  c()n>iders  i(  a  ]>aying  investment  to  have  an  irrigating  plant 
installeil  so  lliai  il  can  U'  nsi-d  uny  lime  a  crop  is  in  danger  from 
drought. 

FLINT   cnKKK-liiWA    ItlVKR    I.KVEE. 

From  1S04  to  lOOO.  :l.'i.2r»  miles  of  levee  were  Ijuilt  on  the  Iowa  sido 
^B  of  the  river  hy  the  United  States  (iovernment  for  river  improve- 
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ineiil    (tijir.   !14).     This   Icvih-  U'^riiis   al    tin-  liluU'  mid   i-xtoiuls   down 
the  south   hatdi  of  lln'   IdWji   Kivcr  (o  ils  mouth,  ihi-iK-c  down   tho 


HAP  iflOtftM  UXAtlO^  or 

fu/ncfim-mAimRimL 


Kit.,  ill.  — Mill'  ^lll.»•|Il^:  liK-iilUm  of  Flint  L'njekliiMn  Uu.  r  l.'Vf.-. 

Mississippi    to   P'liiit    Creek,   whei'c   it    apnin    joins   Ihe    IdiiH.   thii>^ 
[irnteetiiiy  44.000  iiert'-s   fnmi   overflow.     It    wjis  e(»n>tnicted   with  u 


Lanef 


1^  ftig/t  wartr  Linr 


-Flint  Crwk-lown  RlviT  k-vve— <wcUon  on  linn 
land  wlik'h  cllil  not  (ttil. 


Fio.  W.— fpL'clflwl  secllun  o(  ciilarciil  Kliiit  Cnivk-Iown  Rivet  levw!. 

3  to  1  shipe  oil  tlip  rivpr  side  tlironjElioiit  its  entire  length.  Thi? 
first  sections  eonstruftwl  had  n  •!  to  1  slope  on  the  lund  side  with 
4-foot  crown,  hiit  the  hist  sections  had  a  2  to  14  slope  with  (J-fiM)t 
crown  (figs.  9.j,  SXi,  and  07). 
The  foiindtitioii  was  cleared 
of  nil  vef^etiilih-  matter, 
gi'iitthed,  and  tlionmghly 
plowed,  a  iimek  ditch  4  feet 
ileep  and  4  feet  wide  con- 
structed where  considen-d 
necessiiiT,  and  the  shipes  at  completion  were  smoothed  off  and  sown  in 
grass.  Mill'  posts  were  set  in  the  crown  and  iron  liench  murks  on  the 
land  slope  near  llie  mile  posts.     Since  construction,  sections  exposed 

to  wave  action  and  not 
protected  l»y  growing  tim- 
lier  have  iM-en  riprapped. 
In  l!)0;i  occurreti  the 
highest  fltH)d  ever  i-econled 
at  New  Boston,  whicli  is 
neai"  the  ti))|H>r  end  of  this 
levee.  At  that  time  the  levee  was  jjatrolleil  and  weak  places  strength- 
ened.    At  no  point  was  a  creva.sse  formed,  although  23  weak  places 


— ( — p...r._.....j™ 


Fill.  97. — Flint  Croek-Iowa  River  levee— •ertloii  exp<nei1  to 
waves,  proleclecj  liy  riprap.  Imit  never  fnilt**!. 
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(le>vpl()iH»(K    Tlie.se  were  caused  l>y  seepage  and  sloiighinor  on  the  inner 
-l(i|ii'  ill  ihe  liigli  sections  of  the  levee  (tigs.  98,  99.  100,  and  101) 


■*«•-, iSO-- 


t-SO--y /<Jtfl 


I 


Flo.  W. — Flint  Crvek-lown  Uiver  Iotit— wclinn  when-  sluujih  iiocurred  on  inner  slope,  nftvnriirdt 

ftreiiinheneil  by  ban<|iunie. 

Till'  ilniiituge  of  tlu'  iiiiul  l»iick  of  tins  levee  is  by  gi-avity,  otitHow 
culviil-   being  constructed   through    the   levee   at  different    poiuts. 

•  ■lO w ro-'- 


Fiu.  W.— Flint  Cn-eklow*  Kivcr  levee— •rction  at  northern  part  of  Ziegler's  SIoukIi,  aloii^hed  In  ItOL 

Each  fiiiwi't  is  ciuiijKJsed  of  one  to  four  ;i<i-iii('h  pipes  with  untotnatic 

---//*■--, — -3 — Y — ** 1 "* "^•' r 
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Kiii.  luu.— Kill  I  ;"reckliiwi»  River  luvtf—seetUm  at  Iiiw»  Sin 
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iimBoocurtvHl  In  19M. 


valves.     The  sloughs  and  chainn-ls  act  as  reservoirs  to  hold  the  storm 

wati'i-  iiiilil  till'  river  fulls  ami  (he  \alvc--  open. 


:  •  9 V  •^--T--J-- 


Fui.  lui— Flint  Crcek-lown  River  lever— «.ftl<iii  iit  CnmiibvU  81oti(th,  wheru  slouKblnK  watckwked 

In  IWn  liy  iviii'l  "ni-kx. 

WAR8AW-QUINCY    LEVKK. 

Tills  e^^tends  from  Warsaw  along  the  Illinois  bank  of  the  river  to 
Quiiicv   (lig.  lO'i).     It   was  con.striicted  and  is  controlled  l>y  throe 
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sepnvnte  flislricts:  Tiic  Hunt  ilisirict.  oxtemliTig  from  Warsaw  t<> 
till'  AilaaiN  C'tiiuity  line;  llir  ijiiiiii  LiiUt'  dislricl,  frum  .Vdaiiis  Cimiity 
lino  to  the  moiitli  of  Bejii-  Crci^k,  thence  ulong  the  iiortli  Ijsiiik  of  the 
iTwk  to  the  hhitl':   jiiiil  tlic  Indian  Grave  district,  from  thi'  MiiiF  on 


Km.  102.— Mu|...r  \Viii>ii\v.(jiilri<'.v  l.v.-.'. 

the  sontli  .side  of  Bear  Creek;    tlienoc  down  tlie  river  and  acn)s.s  to 
tlie  lilntf  at  tire  head  of  Qniney  Baj'. 

Several  years  after  the  levee  was  eonstrnolcd  a  nniek  ditch  wa.s  put 
in  at  the  foot  of  the  outer  slope  and  the  embankment  strengthened 
l)v  the  United  States  Government.  The  cross  section  is  3  to  1  .slojw 
on  the  ontside  and  2  to  1 
slope  on  the  inside,  with 
(i-foot  crown.  The  givator 
]tarl  of  the  levee  is  huilt  of 
a  .^amly  loam  in  uhicli  (he 
sand  is  very  fine.  Fur  ■_'  or 
•T  miles  at  the  Warsaw  end- 
the  material  is  very  sandy,  hut  (he  sand  is  coarse,  and  this  section  is 
said  to  l>e  the  best  in  the  Hunt  district.  There  is  an  occasional  section 
of  }riindn).  which  has  never  given  any  tronl>le. 

D'lring  the  tlood  of  i'.KW  the  lltint  levee  hrnke  in  two  places, 
caused  liy  hitera!  piv.ssuro  (fig.  10:5).  .Several  other  lireaks  occurred 
in  thi<  and  in  the  Lima  Lake  district,  hut  thev  were  due  to  water 


no.  lOS.— Hunt  dUtrlct  lerei.' — icrtinn    where   creva 
occunf<1. 


Fi<i.  104.— Indian  Umvu  dlxrlct  Ievv«— srcnoii  where  Uoughlun  crcvase  occnrred. 

on  the  inside  after  the  districts  had  flomled  from  the  preceding  breaks. 
The  Indian  Grave  levee  iiroke  at  Ihaightons  Landing  when  th(>  water 
was  4  feel  lu-low  (he  top  of  the  levee  (fig.  KH | .  .Several  other  lireaks 
oicnrii'd  in  this  levee,  caused  by  the  water  on  the  inside,  which  cumc 
from  ihe  previous  break. 
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A  waterway  npproxiniately  l,fHH)  fctt  wiiic  was  loft  for  the  flow 
(if  Bear  Creek  l)et\ve«'n  the  Lima  l^ukc  miuI  Indian  Grave  lerees 
(fijr.  10.")).  There  is  ikj  ilistiiii-t  rhiiiiiiel  in  tliis  waterway,  ami  it 
Ijeetiiiies  i)\erj;ruwii  witli  weeds  aiKJ  hustles;  when  tlie  creek  ri*i 
the  growth  obstructs  tlie  (l<i\v  i>f  water  jiiid  causes  it  to  overtop  the 
levees.  This  waterway  has  a  jrrade  uf  4  feet  pvi  mile,  wliich  cau.><*s 
n  ready  ilow  in  the  ditches  ah>iifi  the  levees,  and  as  a  consequence 
the  di.striets  have  U-en  a(  consiileraljle  expense  to  prevent  the  water 
fluwiiijr  down  the  borrow  pits  and  washing  out  the  levees.  By 
plowing  eaeh  year  in  the  center  of  the  waterway  a  g<x)ti  channel  is 
being  made  which  in  time  will  Ik-  large  i'nongh  to  carry  the  water, 
as  tlie  channel  erodes  rapidly  after  it  has  once  iwen  cut  through  the 
"gundK)"  to  the  suiid  strata.  On  account  of  (lie  heavy  tleposits  of 
sediment  in  the  waterway,  the  levees  have  been  raised  several  timfs. 

The  stortn  water  of  Hunt  »\u\  Lima  T^^ake  districts  is  dischargiHlj 
througli  oiUilow  culverts,  made  of  4-foot  pipe  fitted  with  uutoniatioi 


k 


Fia.  105 — s>-c'tfiin  (iorf«ss  Uonr Crock  wftlerway. 

valves,  located  near  the  mouth  of  Bear  Creek.  The  Indian  Grave  dis- 
trict drains  thnuigh  -imilar  culverts  intt)  tjuincy  Bay.  The  interior 
sloughs  and  <ihl  channels  act  as  reservoirs  to  hold  the  storm  water 
imtil  it  can  escape  by  gi-avity.  Some  dredge  ditcliing  has  been  ilone 
ill  Lima  Ijake  district,  Imt  liecunse  of  ])oor  outlets  it  has  lx*on  of  no 
benefit.  Much  valuable  land  is  rendered  unfit  for  cultivation  on 
account  of  these  interior  sloughs  overfltiwing  during  long  sea.sous 
of  high  water. 

8NV    ISLAND    LEVEE. 

The  Sny  Island  levee  and  drainage  district  was  organize<I  in  1871 
and  (he  levee  constructed  in  187'J-73  (figs.  lOti  and  107).  The  leveei 
Ix'gins  at  Bluff  Hall,  on  the  Illiuoi-  siile  of  (he  river,  and  exteiuls  to 
Hamburg  Bay,  a  distance  of  ."Jii  miles,  protecting  IKJ.OIX)  acivs.  of 
which  iiO.OtK)  are  in  cultivation.  The  district  is  drained  by  an  old 
channel  calletl  the  Sny.  which  leav<'s  the  river  near  Bluff  Ilall  and 
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eni])ti('s  into  Ilaiiilnirjfr  Rity.  Tt  wns  orifrinally  Odiuu'i-ti^il  witli  the 
riviT  between  Itliilf  Hall  unil  Hamhiirg  Bay,  Init  llie  lit'iiil  of  tlie 
cliaiuiel,  as  well  as  all  other  ])oiiits  along  its  coiirst'.,  wore  cut  off  by 
(lie  levee,  so  tliat  the  only  eoimection  (he  Sny  has  witli  the  Missis- 
si])|>i  at  present  is  at  the  mouth  of  the  former  throiij^h  IIaml>iii-g  Hay. 
The  (listriet  is  oj)en  at  the  lower  eml  ami  that  part  is  iitiodecl  each 
year  hy  haekwater. 

The  levee  was  origiiiaJly  built  with  a  .'i  to  1  slope  on  the  river  side 
find  a  2  to  1  slope  on  the  laiid  side,  with  a  5-foot  crown.  The  averugt* 
height  for  its  entire  length  was  ii.-2  feet.     The  speciticatious  called 


Fig.  108.— Snjr  levee— Miction  ■enm  old  ohaniiel,  known  lu  the  cutHiir,  public  ro«d  ou  the  crotrn. 

for  the  foundation  to  bo.  cleared  of  all  timber  and  vegetable  matter 
and  thoronghly  plowed  after  tlie  stumps  and  brush  had  been  grubbecl 
and  for  a  mnck  diteh  IH  inches  wi<le  on  the  bottom  ajid  ;}  feet  deep, 
filled  with  black  dirt.  Subse(]nent  events  proved  that  the  siM'citica- 
tioiis  had  not  Ix'en  com|)lied  with  in  regard  to  the  mnek  diti-h  and  the 
clearing,  griihliing,  and  plowing  <d"  the  fnuiulation.  anil  tlie  bomiw 
pits  which  were  opened  up  in  many  jdaces  near  I  he  fttnt  of  the  inner 
slo]M'  were  a  source  of  continual  trouble  and  danger  until  they  wore 
relilled.  During  the  fhvt  few  years  after  eonstruction  the  levei'  was 
frequently  broken  by   Hood.s.     In    lime  ilie   height    was  raised,  the 
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V:u.  109— Sny  Icvet-— ncctlon  now  Ksnnitml,  Mo.,  public  road  on  bnnnuclli-. 

in.side  borrow  |>its  filled,  and  the  slopes  flattened  or  strengthened  by 
a  banquette,  so  that  the  levee  held  intact  from  1888  to  I'.W).  The 
[.Mmisiana  crevas.se  of  the  latter  year  was  over  300  feet  wide  and  (iO 
feet  dcej)  and  cost  the  district  $-_'r>.(K)0  to  i-etill.  I'p  to  ls!i4  moiv 
niatei'ial  luid  been  used  in  repairing  ami  strengthening  than  luul  been 
used  in  the  original  i-onstniction  (figs.  1()S  and  10!>)- 

A  history  of  the  conslrnction  and  maintemini'e  <i(  the  levee  iij)  to 
December,  18!>3,  was  given  in  the  testimony  to  the  courts  in  the  Sny 
Island  bond  suit  by  II.  P.  Dodge,  who  during  construction  worked 
on  the  levee  as  an  employee  of  the  contractor  and  later  as  a  sul>con- 
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tractor,  and  since  coiislnutidu  has  Ihvii  on  tlie  levee  an  avera 
three  months  each  year  and  has  repaired  several  of  the  breaks, 
testified  in  effect  as  follows: 

Wlic'ti  tl)p  «i)iilriictoi-s  (ViNt  iK'KiUi  work  tlie  «|HM-lfii-iitions  were  oarrietl  out. 
Init  lliey  scmhi  In'kihi  slInlitiiiK  llii4r  work.  Tlic  ciKJiiu-ors  passed  over  Ihe 
t'rimail  liotwiH-ii  ,S  iiud  1u  n.  in.  :mi(I  ri  arnl  t  ii.  in.  Hi-twiH-ii  tiiuf^  the  eoiif riiclorn 
wciulil  i-dvcr  \ii>  sluiii|is,  liitfs,  luiil  Imisli,  refill  tlic  nnick  illti-h  with  s;iiiil  ami  vege- 
tiilile  iiiiitter  timt  lunl  liecn  ttimwii  out  of  It,  niiil  iiuorly  plow  rooty  i;rt>uu<l 
Ttie.<e  di'ftH'b*  would  Ik-  foverwl  u|i  and  liiok  nil  rl^lil  wlieu  the  euglueei-s  ciuut 
nloiiff.  Wlieu  tlie  frew.iun;  weutlier  eiiuie  on  tlie  iiim-k  illt<-h  wus  oinltteil  entirely 
mill  tlif  pliiwiii^  WHS  uiorc  [loorly  done.  The  Inside  liori-ow  jiits  were  offpo 
vnrked  out  li  t"  7  feet  ^\^.'v\l  ami  cvci'ytliinB  was  hiiulnl  into  tlic  U-vee  thnt  would 
luiiki-  II  liaiik.  Till'  liis;  ciitoflf  was  tilled  ilnrhi^  the  winter  of  1S~'J-7::.  I'ilw 
were  driven  and  luusli  tilled  Iti  to  k(*e|i  the  b.-ink  from  slidinK.  South  i>f  Bliirk 
■WoikI  Iti'iid  the  levee  was  hullt  on  top  of  routs  and  drift  saiiil. 

The  levee  as  orlcinally  hullt  was  not  hijrh  enmiKli  nor  wide  enouKh  and  the 
slo|H>8  were  too  Hteep.  The  dee|i  lujritjw  pits  on  tlie  iiuiiile  were  extreiuely 
injurious,  and  the  fiillurv  to  complele  the  muck  dlleli  aial  clear  the  foiiiiilsitlou 
of  vesetahle  matter  has  lM>en  the  eause  of  .serious  troiilile.  After  ■■onKtrui-tioii 
wepa^e  i-aused  liy  trash  In  the  fnuiKiatUm  of  the  eiuhankmeiit  ranie  out  iit  one 
point  mi  the  Inside  of  the  levee  and  tinall.v  lesiilteil  in  ii  erevasse.  Refni-e  llie 
tJoodnian  crevasse  oecurre<l  springs  were  formed  on  the  Inside,  and  when  tb«' 
lireak  came  it  washed  the  leviv  away.  )mt  it  did  not  wasli  out  below  the  uriglDill 
surface,  showing  that  the  ground  had  not  l)e<Mi  plowed.  In  a  diMluuce  of  3rt(» 
feet  uloug  this  hceak  there  were  22  stunijts  2  to  4  feet  U\eb.  The  break  nt 
Government  Circle  revealed  the  fact  tiait  the  inuek  dlt<h  had  been  ouiliml. 
the  hrush  not  removed,  and  the  pniuiid  not  iilowtHl.  llefore  the  crevas.se  devel 
oiH-d  at  Murjihys  Hay  tlie  water  ciime  llmaiKh  lH'twi>en  the  surface  of  the 
gi<nm<l  anil  the  leve*-,  where  there  was  a  layer  of  dwoiiip  »siiit;  vegetation. 

The  breaks  of  INTH  anil  at  lilack  Wocats  netiil  were  repalriM  In  the  fidlowiiie 
manner:  The  ^naiiid  was  clcare-d  and  well  ploweil.  a  murk  illteh  dug  ;t  feet  Ueeji 
niul  ;{  feet  wide,  which  was  refilled  with  black  earth  well  taiuiied,  and  the  le\-ec 
eoustrtirUHl  with  a  'i  to  1  slope  on  eueh  Hide.  The  (lorerinneiit  usetl  the  same 
uiethoil  111  reimlrliiK  the  hreiik  at  Muri>hys  Bay.  None  of  thew  repairs  bus  given 
any  trouble.  altli*vu;li  In  the  most  treacherous  jthites  alone  the  levee. 

E.  J.  t'haiiilnTlain,  who  hixl  hccn  eii'^ineer  of  the  district  since  1884. 
testified  in  effect  as  follows; 

There  were  defeetK  in  the  orlKinal  loeatioii  and  construction  of  the  levee.  lu 
many  plaee.s  it  was  located  so  near  the  hank  of  the  river  thnt  material  for  Its 
<'oiistiiictlon  had  to  be  takon  from  the  land  side.  The  oiieiiiiif:  u|)  of  these  lanil- 
slile  liorrow  jiits,  which  are  i;  to  ti  feet  deep,  has  been  the  cause  of  much  trouble 
and  expense,  as  (iul<ks;ind  was  often  exposiHi  and  when  the  surface  still  was 
ri'iiioved  there  was  nothint;  to  hold  the  i|ulfksand  In  iilai-e.  The  hydnistatie 
pressure  fortes  the  water  thnai^h  the  ijulcksainl.  forniin);  springlike  strenius. 
when  the  work  of  destnietfon  Is  rapid.  The  crevasse  of  IST'l  came  from  this 
cause  nionp.  In  tunny  iihiees  it  would  have  Iieeu  lK?tter  If  the  levee  had  Uvn 
far  puoukIi  from  the  river  so  as  to  have  left  a  fore  shore  of  timber  and  brtisb 
as  a  ]irotectioii  from  wave  actiiai,  as  where  the  levee  is  Im-ated  near  the  rl%-er 
and  not  protccttil  liy  brtish  and  tliul>er  great  injury  bus  been  done  to  the  slojies 
by  currents  un<l  wave  acthai. 
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The  errors  of  r-onstnir*lh>ii  iim.v  t>e  iiliiccil  uiiilei-  fmir  liPiuJs:  1 1)  iDsut&clPut 
Brmle;  c'l  iiisiittiiietit  iinimi-jilloii  nf  ftnintiation  :  (31  liisulfleUMit  itosb  st-etloii ; 
(4)  iDJnrij[»ei'  localiou  of  liornnv  pits. 

The  (irlKiiiitl  liotefl  show  thut  tlie  dntii  for  <k>teruiinliii:  the  grade  of  the  crown 
were  the  hiuh-watfr  marks  of  1851  at  Hannlbiil  aiwl  I.;«>iilsliina.  Thf  differeuot" 
ill  cleviUltjii  iH'twt'i'ii  tlit'Ne  uiarks  pivc  a  Kradc  line  (if  less  tliaii  li  im'h<?s  {M'V 
luilo  for  tliiit  (UxmI  plane  "f  tli*'  river,  and  (his  was  nd<i[itiHl  as  tlit-  (;raile  line  of 
tile  levee  erowii.  No  allowaiii-e  was  made  for  any  chance,  sueh  as  iiaitlniiic  the 
riv<'r  within  a  narrower  chaiuiel,  as  at  the  Maniilhal  aial  Louisiana  hridges, 
where  the  width  of  the  river  at  Hood  hei;j;Lt  lias  htt-u  reduced  from  0  tidies  to 
sonu'thint;  less  than  1.5<)(>  feet. 

Tlieoreticully  tlie  river  Is  suppospil  to  deseend  at  a  certain  Rrade.  hut  that  is 
affei-ted  hy  eiremiistaiKX's.  Fur  ilistidice,  a  sudden  rls»'  in  Salt  Uiver  causes  the 
plane  of  liluh  water  in  the  Mississippi  Itiver  lininedlately  helow  the  month  of 
Salt  Klver  to  raise  above  the  uiiifurm  plane,  the  water  heiiimiin;  "  [lilnl  ti]i."  as 
we  say  In  cuninmii  p.irlance.  While  acreciiiK  to  the  thet>rj-  that  water  will  flml 
depth  when  the  hanks  are  etaitracttil,  »ht>re  are  reas<ais  for  hellevinn  that  the 
water  is  hiKher  at  Ilannihal  and  Louisiana  than  in  1872,  The  effect  of  nar- 
rowing the  ehaunel  at  these  phnvs.  as  found  from  notes  actually  taken  in  the 
field  In  1888,  and  hI.so  in  18()?  at  the  lime  when  the  river  was  at  or  near  Its 
highest  slajje.  has  heeii  to  elevate  the  (ilaiie  of  water  at  these  isiints.  and  there 
has  also  Ixvii  more  or  less  change  in  the  i;rade  of  tile  water  at  other  polnt.s. 
AlKive  tlie  Ilannihal  Itild»:e  for  4  or  ."i  mill's  tlie  plane  or  snrfa<v  of  the  water  t» 
level,  and  at  aiinttit-i-  phu-i'  at  tin-  head  of  I  lie  levee  it  Is  lu-arly  level.  Then  there 
is  a  se<-tlon  helow  the  Elanuilial  Hriilite  where  there  is  a  fall  of  2  feet  or  mori-. 
In  a  uuiiiher  of  places  iH'twwn  ("incinmitl  and  lAiuisiana  there  are  reaches  of 
the  river  e.xtendiiiK  for  half  u  mile  wliero  the  plane  of  the  river  was  level,  an 
observed  in  ISiVJ.  then  there  would  be  a  rapid  fall  for  a  short  distaiiee.  Above 
the  I.<iuis)ana  HridKe  It  is  level  for  some  ilistaiuv.  While  liM-al  ■■onditions  caiue 
the  urade  to  vary  at  diflfereiit  tKiints,  (he  averaiie  fall  of  the  liiKh-water  plane 
from  one  end  of  the  levis-  to  the  other  is  iitiunt  <i  inches  |M'r  mile. 

The  orlciniil  (iriide  of  the  levee  was  not  even  tluHH-etically  i-orrw^t  unless  the 
levee  had  liei'ii  coiiipiised  of  a  hard  substame  that  would  have  kept  it  up  to 
grade  and  prevented  burruwlu):  aniiniils  from  making  tunnels  <\  to  24  Inches 
under  the  surface  from  standlnK  water  on  <me  side  of  the  levee  to  Mtnudin:; 
water  on  the  other.  .Mole  tunnels  aliont  2  Inches  under  the  surfa<v  caused 
much  injury  to  the  h'vei-  in  18.88  in  liwalities  of  Insuflicient  grade,  where  the 
water  came  to  or  within  a  few  inches  of  the  orlKlnat  trade. 

The  levee  was  not  hl«li  enough.  If  was  siip|Hise<l  to  l)e  to  the  high-water 
plane  of  I.S.">1.  but  even  that  la-lcbt  was  not  theoretically  correct,  for  it  would 
be  Insutlicient  from  tlie  fact  that  tlie  wind  would  throw  waves  over  the  crown, 
cutting  the  material  away  unless  it  were  <if  stone.  The  levee  would  also  settle 
mid  become  mudi  lower.  It  was  found  on  rerunning  levels  over  the  levee  that 
In  one  so'tloli.  Just  aliove  the  head  of  (Jilpil  Prairie,  for  a  distance  of  3  miles 
tlie  crown  was  2  to  .'1  feet  below  grade.  At  aimther  place  for  half  a  mile  it 
was  2  fei't  below  grade,  and  there  were  a  number  of  other  iilaces  where  it  was 
l)elow  the  original  grade.  The  plane  of  tlie  water  having  lie<>n  raised  at  tlie 
Ilannibal  and  Lnuisiana  bridges,  the  levti-  would  have  been  insiitficlently  high 
to  havi-  witlistood  the  1.S."il  water.  It  wiis  kiaiwn  from  working  on  tlie  levee 
prior  Xo  18,88  that  the  sections  above  Ilannibal  were  at  tlie  original  grade,  tn 
tliat  .vear  the  water  was  i!  Inches  to  2  fi'et  alM)ve  the  crown  of  the  levee  where 
it  was  at  the  original  grade,  although  re<x>nls  fnmi  other  (lolnts  on  the  river 
show  that  this  flood  did  not  e<iual  that  of  18.".1.  In  1888  the  grade  of  the  orlgl- 
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ual  leveo  was  Kt'in'rnlly  il.ri  feet  Ik>Io\v  tUo  1851  watiT  murk.  To  make  a  lev* 
ro!iRiiiiil>l.v  wife  the  sriule  of  ihe  ei-owii  hIiouIi]  Ik?  not  loss  tUnn  -i  ft^et  abo» 
the  highest  kiiowu  wiiler.  The  jirewnt  idiitis  are  tiase<l  on  a  grade  line  ostitll 
lislaxl  fiHHii  the  llooil  jilaiie  of  1S8S  and  i-ontlrnitMl  li.v  the  Hood  of  1S!»2. 

The  next  ilefis't  was  in  the  |>re|iarntlon  of  the  foundiilion.     Iij   (llliiiK  ariMiu 
the  old  c-revHsses  at  Klni;!*  Lake  and  Itn.v  IsIiuhI  some  of  the  originni   levt^e  nj 
nnuoved.  anil  in  ttie  foundation  were  funnd  Mtnui|is  and  vei;etalil«>  initttcr  whic 
are    very    ol).|e<'tionaliIe.     I'nless    tlie    foniidation    is    rieared    of    nil    (wrishaltU 
matter,    n    .neani    will    Im>    formed    and    the    new    enilumknient    will     imt    lit*<viii 
uiortLHeil  to  llie  ground.   Iiut   will  |H'rndt  water  to  How   ln'lweeii    tlit-    levee  on 
the  oriKiiial  xurfaee.     Thi.-i  has  Iuhmi  ohrterved  in  Hnuill  emIaitikiupntN  iiihI  w 
xeiMi  here  in  IKKT.  when  the  road  ou  the  Inner  lH>rm  had  conMhleritlile  wiiter  •■( 
It.  nil  iviinins  from  mider  the  levee.     The  rher  was  high  enniigh   |i>   liuve  null 
merK"!   thi*   land   with    no   levee.   Imt    not    hijrh   eimnuli    to  i-atist>    the    wtifer 
iH-n-olali-   through    tla>   emiiankment.     Sit'paKe    tnider    llie    levee    diil    not    owi 
where  the  nnicU  dlteh  had  (hhmi  niiule  ami   tiie   fonialatlon  projM'rl.v    pre|>.ire<t.'| 
All  repair  ii'vees  constrneled  si.ie<'  ISM  liy  tla"  district  or  the  lioveriinieiit   linvel 
had  all  roots  aial  eonnections  lielween  tlie  river  si<le  and  the  land   side  cut   off 
hy  mnek  iliK'Iies.     The  liest  wa.v  to  ftirni  a  Uiiid  l)elwit"n  the  tiew  lovee  mul  the 
oriffinal  jn^und  is  to  make  a  ditch  4  to  ti  feet  wide  and  tinnii  with  Iuipervloil«J 
lUflteriai.     This  protects  the  joint  auil  mortises  the  einlumkment. 

InsulHelent  cross   section   means   iiisiiincient   thickness   an<I   size  of   einlmnk' 
nient,  and   a   great  deal  of  tronliie  lias  l>i>en  exis-rieiu-ed   from   this  csMise.      Itll 
sections  where  there  is  ipiicksaial  tiu'  ieve<'  has  Ism?u  givinc  way  on    the   latulj 
side  liy  slonKtilii:;.  Imt  where  the  materinl  is  lilack  clay  or  );•""'•*•  there  luis  Iieeii 
no  tronliie  fnun  lliis  canse.     In  rvirlons  nf  i|iiicksaial  a  levee  will  stniul  at  only 
n  very  flat  slope. 

The  iini»n)per  location  of  imrrow  jilts  has  further  weiikeneil  the  cross  seetloiu 
Id  many  plai'es  liorrow  pits  (I  feet  deep  were  made  within  in  feet  of  the  levt<» 
on  iKitii  tile  river  and  land  sides.  So  far  as  the  strenirth  of  the  endainknient 
Is  naicernetl  this  wnulil  have  the  effect  of  adding  li  feet  to  the  height  of  tt)i« 
levee  withont  sudicieiiliy  inciTasliii;  the  Iiase.  For  instance,  a  levei-  in  feet 
hlgii  of  the  oiit;inal  i  rcss  seclioii  would  have  a  Iwise  of  .Vi  feet.  liUt  If  lioiTow  |iits 
<i  feet  deep  weri'  dtii;  1(i  feet  froni  the  tiK-  of  eai-ii  slojw  it  wouhl  l>e  equivalent 
to  n  levtH"  Hi  fei't  iilgii.  with  a  iias«>  of  To  feet,  instead  of  S."i  feet,  as  it  should  1)0. 

It  was  found  fnuu  observation  that  the  river  iiiinks  and  also  the  levee  ItM>]f. 
where  exiKiseil  to  wave  action,  l(»ok  slopes  of  their  own  varying  from  4  to  1  to 
8  to  1.  .Nature's  sloi>es  were  adofited  as  far  as  the  district  was  nhle  to  pay 
for  them.  In  1H.S»<.  a  lU'W  grade  line  and  system  of  constrnc'tion  were  adoi)led 
after  study  of  the  iiigii-water  plane  for  tiint  year,  and  It  was  decidiMl  to  nudce 
the  slo|>es  tin  the  ri\cr  side  .'!  to  1.  i  to  1,  and  .">  to  I.  depending  on  the  hMiitlon. 
Wiiere  there  was  a  gmiil  foreslaire  of  tiniiier  and  hrnsli  and  the  levee  cuni[iosetl 
of  Impervious  nuiterlai,  ,'{  to  1  on  the  river  side  aiul  i;  tn  I  on  the  land  side  were 
sntlicleut,  hut  where  ex|M>s«l  to  wave  action  a  5  to  1  sIo|K'  on  the  river  side  wna  j 
decl<U>d  on.  In  regioiLs  of  ijideksanrl  a  4  tn  1  slntie  on  tlu-  laiul  side  hns  btvu 
used.  This  sloi>e  has  not  tieen  nirrled  ipilte  to  the  top  of  the  levee  «n  areonnt  | 
of  exiiense,  hut  as  high  as  there  was  likel.v  to  lie  percolation  from  the  river. 

To  keeji  the  quicksand  in  plan^  a   coating  of  heavy  material  2  to  it  fe«>l  dwp  ] 
nud  10  to  2<l  fiH't  wide  was  placed  over  the  land  side  liorrow  pits.     Where  prac- 
ticable material  was  liauhNl  froni  the  river  side  of  tlie  levee,  ollierwlw  Jt  xra»l 
obtahuKi  ou  the  laml  side  some  distance  hack. 

Itushes  growing  on  a  levw  are  an  Injury,  as  the  roots  penetrate  the  euibnnk- 
nient  aiul,  dwuyliig.  leave  an  oixMiint;  for  a  waterway  through  the  levee.  Tbi'y 
also  prevent  the  detection  of  weak  places  in  tliue  of  high  wafer. 
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The  nftion  of  tlio  t'iciiipiits  is  nhviiys  n  NOiircc  nf  sreat  (Iniigor.  wnvo  ncMon 
lii'iiif;  i>sim»<-IhI1.v  iiijurimis.  riiirrmviii^  nnliiiiils  iirc  nlso  ii  iinintiiiit  iiit'iiiicp  to 
saft'ty.  It  Ik  iilisolutely  iinTSMiiry  to  pnivUlc  for  tin-  iv|i;iirs  of  a  Icvif  nx  it 
woulil  not  Ih-  siilV  til  (Hit  ii(i  :iii  linlKitikiiit'lit  for  tlixnl  iirol(H.tloii  anil  tlicn  g\ve 
no  iittention  to  Its  rnainteriuni-e. 

To  (irotect  a  lev<>e  In  time  of  liluli  water  retiulrt-x  oonstant  wntrliliijt  lw><'nuHP 
tlio  material  of  wlilcli  It  Is  ItuUt  Is  not  sueli  as  would  lie  used  In  buildiut;  n 
reservoir  for  oonstanlly  retainlut:  ti  luxly  of  water.  Where  constriirllon  Is 
(li'fo'tive  more  vlKJlant  watching  in  time  of  danger  Is  necessary  than  if  prop- 
.Tly  linilt. 

In  a  general  way  the  commissioner.*  luid  all  Interested  prepare  to  protect 
the  levee  in  times  of  dansicr  liy  ot';;ani7.inf;  a  patrol  and  uettlliK  materials,  siu-li 
as  sand  hup!,  hnrlap.  hnish,  and  straw  In  reailiness.  Loose-woven  linrlap 
spread  over  the  sIo|h'  and  held  in  position  l>y  sand  hags  has  lieen  found  to  lA; 
the  hest  means  of  stopping  sloughing.  Several  times  overtopiihiR  has  heen 
prevented  liy  wtting  on  edge  hoards  1  foot  wide:  In  n  few  places  a  sei-ond  hoard 
1ms  had  to  he  added  to  the  tirst.  As  the  danger  Increases  the  patrol  is  Increased 
an<l  is  lie|it  going  night  and  day  from  one  end  of  the  levee  to  the  other.  The 
level'  is  divided  into  distrlclH  which  are  suhdivided  into  1-mile  sections.  As 
occasion  reipilres  the  landowners  turn  out  ami  give  asslstamv.  In  1M!)2.  a 
large  hod.v  of  men  had  to  he  si-ciu'cd  in  a  short  time  and  many  were  ohtained 
from  outside  tlic  district.  Many  residents  of  the  district  who  iNjiild  not  go 
persimally  sent  help  or  supplies.  In  that  year  ?1-1.(X)0  was  BiH'Ut  in  pulrolling 
and  strengthening  the  levee. 

Krom  the  conipletlon  of  the  levee  to  188S.  there  were  18  brenkn  which  de- 
stroyed altogether  4.1  miles  of  the  old  levee.  The  large  hreaks  were  rcpainil 
by  circling  anmiid  the  ohl  crevasses.  On  a'f-ount  of  the  e.\tra  leiiglli  this 
involved,  -l.S  miles  of  new  levees  were  retpiired,  .'U?  ndies  iK'ing  on  new  loca- 
tion vvlihh  reipiired  new  right  of  way.  None  of  the  new  work  has  given  any 
tronlilc. 

The  (joveniment  has  pla«"<I  some  dikes  in  llic  river  for  improving  navigation, 
hut  they  luive  little  or  uo  Intlueiice  on  high  wiitiM-. 

The  I'niled  Statt»s  engineer's  rf|K)rt  mi  the  high  water  nf  15>0?> 
says  (jf  the  Siiy  levee: 

Many  lioils  and  seeps  were  developed,  hvit  no  danger  of  hreaks.  Where  there 
was  a  good  wide  Immpiotte  on  the  Inside,  boils  and  seeps  were  eliminat<>il  and 
the  ground  solid  enough  to  drive  over  with  a  wagon  at  all  times.  The  danger 
of  a  break  at  llamrlhal  ami  the  break  at  Ix>ul!<laiia  were  caused  by  using  rail- 
way grades  as  a  iiart  of  the  levee. 

LEVEE  CONSTRUCTION. 

Ill  selecting  a  route  for  a  levee  care  slioiild  l)e  taken  to  ioeiite  on 
stal)h>  griiiiiKl  where  there  is  sufficient  room  for  borrow  pits  on  tlie 
river  side,  to  lvee|)  a  foroliore  of  tinilM-r  between  the  hx-ntion  and 
open  water,  to  cross  sloughs  and  okl  channels  by  the  shortest  coiir.se.s. 
and  to  avoid  jdaees  where  the  leviM?  would  Ije  exposiMl  to  eri>sion  by 
<urrents  or  waves. 

The  height  should  i)e  not  less  than  3  feet  alxive  high-water  mark. 
This  is  neees.s)irv  to  prevent  overtopping  of  the  levw  by  waves,  by 
an  unexpected  rise  in  the  Hood  plane,  or  by  the  lowering  of  the  crown 
by  the  cro.s.sing  of  animals,  erosion,  etc. 
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TIio  oross  M'ction  iv<iuirod  for  n  li'vot>  iU'IkmiiIs  on  its  height,  tiie 
material,  and  tlio  length  of  timt'  it  is  exposed  to  high  water.  An 
(Miil)iihl<iiu-iit  of  ill)  itiip'i'vions  inatcriiil  does  not  need  tliu  fr«).<»>  .si'ction 
of  one  hiiih  of  ii  mnteinnl  ca.-iiy  siitunited  ami  a  levee  of  j>orvioiis 
iiiat<'iial  vviruli  would  \vitll^tand  a  Hood  for  five  days  might  fail 
under  tin'  same  [leiirlit  of  (food  if  it  contiiined  ten  days;  this  wonlil 
d<'j>en<l  njxjii  tiie  fapidity  witli  whieh  tlii'  material  bectuiies  .--atiiratecl. 
The  injurious  effect  ()f  wavi's  and  eurrciits  is  materially  decrcnse*! 
as  tlu'  slo|K'  is  flattened  and  of  Iturrowiiif;  animals  as  the  area  of  the 
cross  section  is  increased.     A  tUil  sUn>c  is  cheaply  maintained  as  grass 


Fio.  110.— Hunt  <llMriot  levee — natlnn  of  new  levee  buUt  to  erom  enramt. 


grows  more  readily  and  is  not  injured  hy  the  lram[)in/j;  of  animals, 
and  veyelalilc  growth  can  U-  kept  down  by  the  use  of  niowiiifi; 
nuichinos. 

In  heavy  material  stich  as  is  founil  on  the  Illiiiois  River  it  is  dcsir- 
alile  to  make  I  he  sl<)iies  .'i  lo  1  on  l)^^tll  ^ides.  I''or  the  river  side  the 
most  economir;rl  slope  under  all  I'oinlitioiis  is  :t  to  I.  hut  for  the  land 
side  a  "2  to  I  shtpe  may  have  sntticieut  stren^h  in  the  heaviei- 
materials,  thoufih  it  is  l)elic\'ed  that  :i  lo  1  would  h:-  more  econoiiiicni 
in  till*  end.     Where  lifrht  material  is  used,  such  as  is  found  on  the 


I 
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Flo .  Ill .— PrupoM-d  Kvctlun  iif  levee  (or  closing  ttie  Uougtitou  cruvanv. 

Mississi|jpi.  tlie  preater  hulk  should  i>e  placed  on  the  inside  of  the 
center  of  the  cross  si-ction.  The  insitle  slope  should  not  lie  steejxT 
than  :i  to  1  and  in  some  localities  it  is  iiecessjiry  to  increaao  this  t«»  4 
to  1  or  (o  reenforci'  ihe  hind  si<le  Iiy  a  hantpielte,  the  top  of  which 
should  Ijc  kc])t  S  fed  hclow  the  top  of  the  levw.  The  width  of  its 
crown  may  vary  fiom  iO  to  .'iO  feet.  The  in.side  slope  bidow  hi{;h- 
water  line  should  lie  not  less  than  3  to  1  and,  in  *ome  sjx'cial  cases, 
should  be  increa.sed  lo  .'»  to  1.  In  a  few  places  «)n  the  Warsaw- 
Qtiincy  levw  the  inner  slope  has  been  increa.sed  from  2  to  1  to  4  to  1. 
In  the  .'^ny  lc\i'e  ifu-  old  'J  to  1  slo|)e  has  Ikhmi  strenjfthened  by  a 
Si-foot  baiuiuettc  or  iiicreated  to  a  4  lo  1  slope  (fig.  112).     In  [daces 
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wlici-o  twposed  to  wave  lulidii  llic  river  slope  of  3  to  1  has  been 
increaspd  to  .">  to  1. 

Ill  Icvt'e  const riu't ion  on  the  lower  Mississipjii.  S  foot  h«s  been 
neccpted  as  a  common  top  width,  liiit  <;  feet  is  thought  siiflieient 
width  for  the  Icvpps  just  descrilK'd.  Many  levee  hiiilders  now  advo- 
cate luldintr  1  ftxit  vertical  to  the  crown  and  (jradintj  to  an  a))ex 
(fi{j.  11"2).  The  object  of  this  addition  is  to  furnish  a  supply  of 
material  em  to]i  of  the  levee  tor  use  in  I'nu'rjrencies.  to  inehice  moles 
and  UMisio-ats  to  hnrrow  abtue  the  hiph-water  plane,  and  to  increase 
the  heifilit  of  the  levee  against  an  unforeseen  rise  in  the  (UkkI  jilane. 

The  iniderdrainafie  of  farms  and  the  improvement  of  creek  chan- 
nels in  the  njdands  concentrate  the  storm  water  and  deliver  it  to  the 
main  drainajje  «'hannels  rapidly.  In  hn-eeing  overflowed  iantis  hirjje 
areas  wliich  have  s^-rved  as  reservoirs  to  hold  the  water  and  deliver  it 
gradually  to  the  streums  are  cut  off.  as  well  as  chamiels  and  cnrrent.s 
occurring  throughout  the  overflowed  area.  After  these  imj)rovenu'nt3 
have  Ih'cu  tnade  the  same  amount  of  water  nnist  necessarily  pass 
through  a  nai'rower  chaniiel  in  less  time.  I'ndcr  this  condition  the 
velocitv  of  the  stream  increases,  and  ol>serv:ilioiis  indicate  that  the 


Flu.  Hi SMTliun  .iliunrliif!  plmi  f<ir  Inifinivliiic  Ihe  uriKlnsI  Siiy  li-vee. 

flood  height  is  also  raised.  Hence  the  following  conclusion  may  be 
drawn:  The  ordinary  imjirovemenl  of  land  within  the  watershed  of  a 
stream  tends  to  rai.se  tlie  flood  plane  (^f  tlu"  stream  and  decrease  the 
duration  of  the  tUtod.  In  consirucling  levees  along  streams  where 
large  (U'ojects  of  improvement  are  likely  to  be  carried  out  in  the 
future  the  structures  should  be  planncil  to  provide,  as  far  as  possiiile, 
for  tliis  increa.sed  rise. 

The  greater  percentage  of  levee  failures  are  due  to  using  cross 
sections  l)arely  sufficient  to  hold  floods  under  ordinary  condition.s. 
During  the  unusual  liigh  water  of  VMVA  on  the  Mississip[>i  and  of  l'.t04 
on  the  Illinois  and  Wabash  the  leveed  lands  were  flooded  because  no 
prejiaration  had  been  nuide  for  tho.so  exceptional  conditions.  The 
levees  were  patrolled  and  w<'ak  places  strengthened,  yet  thes«>  |>recau- 
lions  were  inefl'ectual  iM'cau.se  the  levee.s  were  of  such  small  ero-a 
sections  that  every  trivial  injury  to  the  original  embaidcnjents  pro- 
duced H  si-rious  weakness  and  there  was  not  suflicienl  foundation  nor 
nniterial  at  hand  to  work  with.  In  consc»)uence  much  money  and 
labor  were  lost  in  maintaining  and  rebuilding  the  levei-s,  l»esi<les  the 
damage  done  to  property  inside  the  district. 
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I^evees  luv  usimlly  couslniL-ti-d  with  wla-oloil  iiiiii  ilrag  scrap«>rs. 
Slips  are  used  in  sfuiic  of  tin*  siimllcr  levees,  and  oocasioiially  they  an? 
put  tip  liy  wlieelhiirrows.  'I'lie  Ctinl  Creek  levee  wus  successfully  coii- 
stnieted  witli  a  2."i  yuid  dipper  (hedge.  The  only  objection  to  this 
nietliod  of  eoiislniction  is  the  liirfre  lM>rro\v  pit  which  is  np<'t»ssarily 
left  dose  to  the  levee,  On  a  stream  of  slow  current  and  tenacious 
material,  such  us  the  Illinois  River,  this  is  not  olijectinnablc.  Init  nlon^ 
a  stream  with  rapiil  <'iirrent  oi-  tlin»u>rh  sandy  nuilerial  this  jiit  might 
cause  a  current  down  the  levee  and  lead  to  caving. 

Near  Ihinnibal,  Mo.,  a  s«'ction  of  the  South  River  levee  is  being 
constructed  hy  means  of  a  hydraulic  dredjn-.  This  section  crosses 
•ruiubo  land  covered  with  water,  where  scrapers  can  not  be  used.  The 
level-  averajies  14  feet  in  heiyhl.  The  borrow  |)il  is  kept  iit  l.jO  feet 
from  ti>e  t(K>  of  the  slope.  The  gumbo  varies  in  ilepth  from  10  to 
:i()  feet  and  is  underlain  by  sand.  The  suction  pipe  of  the  <lredg:e  is 
kept  in  the  sand,  and  as  the  gumbo  drops  down  it  is  taken  up  w  itli  the 
sand,  so  that  the  nuitcrial  which  goes  into  the  levee  is  a  mixture  of 
gumbo  and  sand  laid  down  in  water.  On  account  of  the  fluidity  of 
the  nniterial  as  it  leaves  the  discharge  pipe,  it  is  liillieult  to  lioltl  in 
place,  but  by  using  earth  ridges  atid  pliink>  the  embankment  is  raised 
to  within  7  feet  of  the  grade  line  and  is  then  completed  by  .scraping  up 
the  waste  material  with  ilrag  scra|)ers.  The  completeil  levee  was 
put  up  for  the  same  price  jM'r  yard  as  sections  oi  the  >ame  height  with 
scrapers,  and  it  has  the  advantage  <if  containing  an  inunense  anioinit 
of  waste  material — 100  feet  on  eiich  siile  of  the  enibaidunent.  This 
nniterial  de[)(isited  along  (he  foundalinn  of  the  le\ee  in  swampy 
ground  is  of  great  value  in  the  niaintenann'  df  the  levee,  and  it  also 
decrea.M's  the  height  of  the  levee  actually  sulijert  to  tlie  [iressure  uf  the 
water. 

This  dicdge  will  imdoubtedly  occupy  an  important  field  in  future 
levee  work,  as  it  can  (ill  nji  sloughs  and  low  land  where  scrajx-r  work 
would  lie  extremely  dillicull  and  expensive.  It  also  has  the  advan- 
tage iif  coiistrncting  the  levee  without  injuring  the  limber  or  nntking 
a  bor-fow  pit  near  the  foot  of  the  slojie. 

The  foimdation  for  a  levee  should  be  jii'epared  by  cutting  all  tim- 
ber for  a  distance  of  -Jd  feet  on  eithi'r  side  of  the  toes  of  the  slopes. 
Roots  in  the  foiiii<tatioii  should  be  grubbed  to  a  depth  of  3  feet  and  all 
vegelable  matter  reuio\ed.  The  foundation  sh()uld  then  be  jjlowed 
deep  and  thontughly.  .V  muck  ditch  should  l)e  con.structed  under 
the  center  of  the  levee  of  snllicient  depth  and  width  to  cut  through  any 
vegetable  matter,  roots,  holes,  oi-  ^and  strata  which  may  lie  mnler 
the  surface.  The  objert  of  the  muck  ditch  is  to  unite  the  embankment 
to  the  e;irlh  and  en(  nH  any  material  \\hich  might  cau.se  seepage. 
This  ditch  may  vary  frtmi  -J  feet  in  wiilth  and  '-i  feet  in  depth  to  4 
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f»'t't  in  wifltli  and  1-2  ftrt  in  <l(>|illi,  ils  cross  st-riion  (Icpt'utliti^  entirely 
n]>on  tlic  liinil  <if  niati'riiil  tlimitj;!)  wliich  it  ]>!issfs.  It  should  be 
KJJcd  \vitl»  thf  lit'st  nmterial  ohtainidile.  The  shallower  ditches  can 
bi'  tiitnjH'd  liy  drivintj  the  teams  su-ross  them,  the  (Iccju-r  ones  by  lead- 
injf  ii  hnrse  back  iind  forlji  through  tbeui  as  lliey  are  Klled. 

When'  the  soil  is  tenacious  and  a  muck  ditch  is  not  considered 
necessary,  the  fotiiidiition  should  lie  [ilowed  ontwiird,  leaving  a  dee|3 
deail  furrow  in  the  center.  .\  l)e!ni  not  less  than  lU  feel  in  width 
should  be  left  Ijctween  tiie  toe  of  the  slniie  anil  the  edge  of  the  liorrow 
)>it.  When  this  is  done  the  side  of  the  liorrow  pit  next  to  the  levee 
shonld  have  a  slope  not  less  than  that  of  the  levee.  In  sandy  or 
loose  material  or  where  dee|>  liort'ow  pits  are  to  lx>  made  with  a  dredge 
the  U-rni  should  be  not  less  than  2i)  feet  in  width.  Where  there  are 
.-trata  of  ((uicksand  or  unstable  eai'lh  the  slope  of  tlie  l>orrow  pit  iiext 
to  the  levee  shonld  be  as  Hal  as  practicable.  Earth  should  not  be 
taken  from  the  inside  if  it  can  Ih"  avoided  and  ne\er  nearer  than  (iO 
f«'et  in  the  best  material.  The  pits  should  be  shallow.  Where  levees 
are  built  with  -crapeis  lh«'  material  shordd  be  deposited  in  layers  not 
e.xeeetling  -2  feel  in  <le[)th  so  that  it  may  be  tanijied  by  (he  teams  pass- 
ing bark  and  for-tli  o\er  it.  The  embaidiiuent  should  be  .started  at 
the  full  width  of  the  slope  stakes  and  carried  to  the  crown  at  the  width 
of  tiie  fiuislied  euibunkment.  foi-  it  is  not  good  construction  to  dump 
material  over  the  sides. 

The  shrinkage  of  levees  aIlowe«l  by  engineei-s  varies  from  5  to  20 
per  cent.  Under  ordinary  conditions  10  per  cent  for  scraper  work 
and  -20  per  cent  for  nnlamped  wheelbarrow  work  is  sulHcient,  sandy 
material  shrinking  less  than  clay.  On  the  Coal  Creek  levee  the  dredge 
work  has  settled  only  -^  jver  cent  and  the  scraper  work  10  per  cent  at 
the  end  of  a  year,  and  no  further  shrinkage  was  perceptible  the  second 
year.  Oftentimes  several  feet  of  settlement  takes  place  imder  the 
weight  of  lite  embankment.  The  heaviest  settlement  is  liable  to 
occur  in  the  beds  (d'  sloughs. 

For  convenience  in  maintenance  and  de.s<>ription  nf  localities  mile- 
posts  shonld  beset  in  iheci-own.  A  white  jiost  .'1  by  4  inches.  >taniling 
;?  feet  al>ove  the  crown  and  having  the  nundn-r  of  the  mile  painted  in 
black,  makes  an  economical  an<l  neat  marker.  A  k'nch  mark  slioidd 
U'  established  near  each  milepost.  .V  metallic  post  set  near  the  toe 
<if  the  inner  slope  would  be  more  desirable,  as  it  would  be  permanent. 
It  shonhl  l)e  set  in  such  a  jMJsition  as  not  to  be  affected  by  the  settle- 
ment of  the  levee. 

After  the  levee  is  com|)leted  the  slopes  should  be  >moothed  olf  and 
sown  in  gras.s.  In  latitudes  where  it  will  grow,  Bermiula  is  the  best, 
as  it  nuikes  a  thick  sod  an<l  grows  readily  on  sIoih>s.  lii  other  lati- 
tudes a  mixture  of  bluegrass  and  redtop  gives  better  service.  The 
liluegrass  will  grow  on  the  upper  part  of  the  slopes  and  the  crown, 
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wliiK'  the  rc'dtop  will  orrtiw  on  tfie  l)criii  siiid  borrow  pits.  Thesp 
gnissL's  maki'  a  toiiglu-r  aiul  Ix'ttcr  sod  than  any  otlu-r  tnnie  varieties 
On  levws  wiiich  havi-  Ikhmi  bnilt  with  (hvdges  .some  ilifficiilty  will  Ije 
(•xiH'riencefl  in  gcttinjr  gi'ass  started.  j»s  the  s1oi)ch  are  roii^h  iind 
uneven  and  the  material  on  tlie  surface  lias  often  eorne  from  the  l>ot- 
tonj  of  the  borrow  pit,  i)nl  after  the  slojx-s  have  weathered  twt>  or 
liiree  seasons  they  can  l>e  siiKMythi-d  down  and  wrass  started  on  tliem. 
Observation  shows  that  it  is  diflieidt  to  get  gi'ass  set  on  slopes  steejH-r 
than  3  to  1 ;  however,  occasional  short  sections  of  steeper  slopes  well 
sodded  are  found. 

LEVEE  MArNTENANCE. 

On  the  comjiletion  of  a  levee  eHirieiil  measures shoidd  immediately  l»e 
taken  for  its  maiitteiiaiH'e.  One  uf  the  lirst  features  to  be  lixiked 
after  is  the  protection  of  the  s1o]h>s  from  high  water,  currents,  and 
waves.  When-  there  is  a  foreshore  of  thick-growing  timber  theiv 
will  not  be  much  (rouble  fi'oni  this  .source.  Thick,  small  linil»fr. 
which  will  not  biTid  before  the  force  of  the  water,  is  l>etter  than  large 
timber,  as  it  breaks  u|>  the  waves  more  etTectually.  Where  there  is 
no  native  tindter  a  gtHid  (irotectiou  can  .sotiu  lie  .secured  by  [>lanting 
willows,  uuiples.  and  cottonwoods  in  and  along  the  borrow  pit.  No 
tiudier  should  Im>  allowed  nearer  the  slo])es  than  "JO  feet,  as  the  HhA> 
will  penetrate  the  liase  of  the  levee,  and  when  liiey  decay  will  cause 
see])age.  Occasionally  a  green  root  will  cause  seepage  of  water  under 
pressure. 

Another  protection  to  (he  le\ce  slojie  is  a  covc>rii)g  of  tough  sikI, 
whiclx  retards  erosion  occasioned  by  rain  stoi-ius.  cui'rents,  and  w:ive.s. 
The  vegetable  growth  on  (he  levc<'  and  berius  on  each  side  should  be 
kejit  cut,  since  weeds  growing  and  dying  on  the  slope  loo.sen  the  sur- 
face. Bushes  also  ktHip  the  snrfac-e  loose  atui  increase  the  dan^j^r  of 
injiM-y  by  waves  and  currents.  Any  neglected  growth  over  the  lexee 
atloi'ds  protection  to  l>urrowing  aninuds,  making  it  diHicull  for 
hunters  to  locate  them. 

.Vnother  method  of  protecting  the  slo|)es  which  is  ht.sting  but  ex- 
jK'iisive  is  !i  revetment  of  r<M'k  (i  lo  10  inches  in  depth  laid  over  the 
exposed  shtpe. 

Muskrats  do  more  damage  to  a  levee  than  does  any  other  animal, 
their  nature  being  to  begin  their  burrows  below  the  water  surface, 
continuing  theui  into  the  bank  Ii!  to  24  inches  lienenth  its  surfuei'. 
AVliere  water  stands  <in  bolb  sides  of  the  bank,  as  it  does  where  a  levet> 
crosses  a  slough,  (hey  fretjuently  nuike  burrows  from  one  side  to  the 
other  not  more  than  '2  feet  below  the  surface  of  the  embankment  at  any 
l>oint.  .\t  no  place  is  there  any  evidence  that  a  rat  has  l)urroweil 
directly  throiigli  an  endiaukment.  The.se  burrows  are  a  serious  injury 
to  a  levee  of  snnill  cross  section  with  the  crown  near  the  flood  plane 
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(figs.  113  nnd  114).  AVlieiv  the  Ipviv  lists  nmplf*  (linipnsions  they 
wliloni  «nisi>  st'i'itms  injury.  Wlu're  tlu'  Imrrows  an-  iiiiiiicroiis  iioar 
l\w  foot  of  thi'  sliipo  tlifv  frL'i[iiontly  cause  slougliiiifr  wlion  tlio  bank 
U'C<tiiit's  satiii'ated.  Siu-h  iinimals  iis  opossums,  skiiiilvs.  and  {rroiind- 
hogb  iiiay  biinxivv  in  a  levcu  to  swnre  dry  relreats.  lint  Uieir  biirrowH 


///ff/>  vi/arer Line. 


^or/^<^^  o/" 


Fiij.  nil. — Sfftlitu  sh't'w  liitf  tnuH'  iif  II  iiiii>krtil  btirrnw  nrriis»  h  levee  of  rnunlt  wt'tion. 

seldom  extend  tlironph  an  t'mhankmcnt,  the  injury  done  liy  tht-ni 
iifinj;  due  to  wcaUi'iiiiifr  uf  tlu"  cross  seotion  wliit-h  iK-i-niils  .si-cpaffc 
water  to  pass  tliroii^ii  more  readily.  Crawfish  usually  work  straight 
down,  and  where  there  is  a  stratum  of  jwrvious  material  near  the  sur- 
face they  work  into  it,  causing  seepage.     An  example  of  this  may  f)e 


^ /iishyvater  L  me 

sipup/t,,,.''^^'^  '~-~-  ^ — ^  River  jurrdce 

Flu.  114.— Section  xhiiwliiK  (rare  of «  matkral  burrow  kuroM « )cvc«  ot  unplc  neclloD. 

foimcl  in  the  district  hack  of  the  Warsjiw-Quincy  levee;  this  is  under- 
laid hy  a  sand  stratum  <i  fi'et  helow  the  surface  fi'om  which  water 
often  flows  through  crawfish  holes  during  times  of  flood  (fig.  ll."i). 

There  arc  many  conflicting  opinions  regarding  the  pa.sturing  of 
levees,  and  a  special  effort  was  made  to  obtain  definite  infotination 


Ounttxi 


Fia.  lift.— Section  kIiowIhk  lli«  forauiUon  nr «  IkiII  Inside  of  n  Ivree. 

on  this  point.  In  the  Flint  Creek-Iowa  River  levee  pnsfiired  sections 
alternate  with  tliose  Itoidei'ing  cultivated  fields  which  are  not  jias- 
tured.  In  the  former  the  2  to  1  slope.s  showed  nioiv  injury  fnnii  the 
tramping  and  slip])ing  of  the  livt>  slock  than  the  2^  to  1  slopes. 
Cuttle  hail  also  injured  the  steeper  slope  with  theii'  horns  hy  tearing 
itp  the  sod   and  loosening  the  surface.     No  injnrj'.  however,  was 
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<loiK'  on  tlif  ;i  to  1  tilopi's.     W'iiiML'  tla'i-f  were  no  feiic-es  trails  wei 
inudc  transvefsely  across  t!ie  li\ ce.  whirh  wore  fi  to  10  inches  Ix^low 
the  siitfiicc.  I)ii(  tli(>v  were  narrow,  easily  loeateil,  and  the  «lepi-essioiis 
nuiile  l»y  tliern  iire  easily  reimii-ed. 

Observiitiojis  mi  sniali  {laslured  st^ctions  of  various  other  levMS 
tJiowed  .similar  (■(indilions.  \\'liei'e  it  is  iinprai'tieul)le  to  keep  down 
tile  growtli  of  veyetalion  with  mowing  niudiiiie.s  the  levee  should  be 
pasUired,  since  tlie  injury  tiniie  hy  live  stock  is  less  than  that  occa- 
sioned liy  an  unclieeked  frruwth  of  weeds  and  bushes. 

Where  it  is  necessary  to  construct  a  fence  on  a  levee  it  should 
titlier  pass  across  the  enihanknient  at  lij^fht  aujtrles  to  its  course  or 
parallel  to  it  along  the  crown.  The  oi>jection  lo  all  fences  iiixin  levees 
is  that  animals  make  trails  ulon^  them,  which  niv  undesirable,  esj)e- 
cially  on  the  slope. 

The  crown  is  sometimes  used  as  a  i-oad,  but  this  practice  is  objec- 
tionable, as  in  a  (>  or  8  foot  crown  the  edges  are  cut  off  by  the  wheels, 
rnts  and  chuck  holes  form  low  places,  and  in  loose  intiterial  line 
j)arti('les  are  blown  off  by  the  wind,  which  in  time  materially  les,>iens 
the  to|>  width  and  the  height  of  the  bank.  Another  serious  <»bjection 
is  that  in  times  ()f  liea\y  rain  storms  liie  ruts  collect  the  water,  airry 
it  .some  distance,  and  turn  it  diiwn  tiie  slo])e.  causing  injury.  The 
better  ])hwe  for  a  road  is  at  the  foot  of  the  inner  s1o|k'.  If  the  levee 
has  a  ban(|nette,  the  lop  of  that  iiudces  an  excellent  roadway.  A\'here 
it  is  necessary  to  us<'  the  cnrwn  of  a  levee  for  a  road,  the  crown  should 
be  made  wide. 

An  embankment  built  for  railway  purposes  should  not  be  included 
as  jiart  of  a  hnee  system  unless  it  has  Im-cu  es])ecially  prepared  for 
such  use  by  iilacing  a  hea\y  layer  of  good  material  over  the  outer 
slope  after  a  muck  ditch  has  been  put  in  at  the  foot  of  the  old  gi'u<le. 
A  railway  embankment  is  usually  constructed  on  the  surface  without 
any  prejiaration  of  the  foundation,  and  in  swam|)V  lauds  layers  of 
Vegetable  matter  ai'e  t)ften  biii'ied.  which  will  prove  fi'uilful  sources 
of  seeps  if  the  gradi-  is  used  as  a  levee.  After  construction,  tracks 
are  often  rais<'(l  and  long  trestles  filled;  timbeis  and  old  ties  arc 
buried  and  liecome  stturces  of  weakness  iiv  the  b;iid\.  There  can  Ix*  no 
objection  to  a  railway  on  top  of  a  levee  if  the  embankment  has  heen 
pre  pa  led  for  levee  purposes. 

E.\j)erience  in  the  maiuigement  of  levees  has  denionstratc<J  quite 
clearly  that  they  nnist  be  patrolled  and  inspected  .systematically. 
During  the  fii'st  year  after  construction  the  settlement  of  a  levee 
should  Im'  lca(ke<l  aftei'.  particularly  where  it  cros.ses  sloughs  or  unstu- 
lile  ground,  as  .settlement  is  liable  to  lower  the  crown  1m-1ow  the  f1oo<l 
j>lane.  The  liest  protection  against  burrowing  animals  is  to  <K'ca- 
sionally  |)atrol  the  levee  with  dogs,  repair  the  injury  done  to  the 
hank  by  aniiiiaN.  and  keep  (he  bi-iish  and  weeds  cut.     During  the 
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lludd  season  the  piitrol  sIhmiIi!  !»•  iiKTcascd  so  tiint  any  tluvatiMuHl 
weakness  may  lit-  at  ori«'  (icU'ctcW  ami  sln-nylht'iit'il.  AVhciT  a  levw 
is  threatened  by  overtopping  the  crown  can  be  raised  by  setting 
pliiTiUs  <)n  ('(l<r<'.  liol'linjr  them  in  phjpe  by  stakes,  and  ])a('kinfr  tliem  nii 
willi  cui'tb  liiki'H  t'lom  the  inner  sjojte.  Where  there  is  a  eiirrenl 
paeks  fiHed  with  earth  may  be  used  with  good  etfeet.  Wave  action 
can  be  rlieckcd  by  (Hitting  sacks  liHed  with  sand  along  the  line  of 
erosion.  Cornstalks,  brush,  and  lumber  will  also  s<.'rve  the  same  pur- 
pose when  held  in  position  by  stakes  and  wires.  Planks  set  on  edge 
at  llie  surface  of  the  water  itnd  held  on  the  outside  by  posts  driven  in 
the  emliankineiit.  while  the  inside  is  packed  witli  straw,  have  lieen 
successfully  used. 

Slougiiing  on  the  inner  slope  can  1m'  checked  by  jiarkiiig  brush  or 
other  material  on  the  sIojh'  and  holding  it  down  with  wire  fas- 
tened to  stakes  driven  in  llic  bcrm  and  crown.  Sheets  of  burlap 
stretched  over  the  iinier  slo|)c  and  lield  in  position  by  stakes  or  sand 
bag^  ai-c  also  a  ([uick  and  elfective  remedy.  When  seeps  are  found 
they  (itu  be  etf'ectually  cut  otf  by  sand  bags  if  the  locution  on  the 
(Utter  slojH'  can  in-  discovered.  If  not,  it  will  l>e  necessary  to  wall 
them  in  by  santl  bags  from  the  inner  slope,  for  which  purpo.se  the 
bags  should  not  be  tilled  quite  full  and  should  be  laid  around  the  si-ep 
HI  tlie  form  of  a  wall,  within  wliich  the  water  will  rise  until  it  can 
do  no  more  injury. 

The  nio.st  convenient  material  for  ievee  repaiis  in  an  euiergency 
is  the  sand  bag.  When  ]>ra<'ticabl<>  the  bag  should  be  filled  with  sand 
in  preference  to  other  nuiterial,  us  it  is  more  quickly  handled  and  is 
useful  for  any  form  of  repairs.  For  walling  in  seeps  and  preventing 
slougiiing  and  overtopping,  any  nuiterial  with  which  the  bag  can  be 
filled  will  serve  the  jiurpose.  i)ut  to  prevent  cutting  by  wave.s  and 
strong  currents  it  is  lu'cessary  to  fill  them  witii  a  nuiU-rial  so  coarse 
that  it  can  iu>t  wash  out  of  the  bags.  Sand  bags  used  for  this  pur- 
pose should  be  placed  systeuuitically  »ui  the  iiaiik,  s<.)  as  to  gel  tiie 
greatest  g(H>d  from  the  lea.st  nundn'r.  Where  it  is  necessary  to  build 
thcui  up  it  is  often  advisable  to  lay  one  course  header  and  the  next 
stretcher,  while  under  otlier  conditions  two  courses  stretcher  coidd 
be  laid  to  one  header. 

In  repairing  a  large  crevasse  it  is  found  more  economical  to  build 
a  new  levee  aromul  tlu'  inside  of  the  crevasse  than  to  retill  on  the  old 
line.  This  new  embankment  is  semicircular  in  form  and  is  known 
in  levec  parlance  as  a  "  circle." 

The  Indian  Grave  district  specilies  that  in  repairing  >ina!l  crevas.se.s 
and  siojjcs  which  have  Ik'cu  injured  by  erosion  the  dirt  shall  not  Ix? 
taken  nearer  than  ItH)  feet  nor  more  than  200  feet  from  the  toe  of  the 
levee  on  the  inside,  and  never  nearer  than  2")  feet  on  the  outside. 
Before  filling  the  base  should  be  plowed  down  and  outward,  so  as  to 


700 


IRRIGATION    AND    DRAINAGE    INVESTIGATIONS,    l'.*M. 


L 


leavf  a  difp  deail  fiirniw  in  the  ctMitt^r.  The  end  of  the  Iev«i'.  win-p- 
it can  not  Ik-  plowoii.  nuist  Ik-  ilu^'  down.  A\n»eii  iictH-ssjirv  n  muck 
ditch  shall  Ik*  <in^  or  pinnks  set  on  i-ml  for  tlic  purpose  of  uniting  tlie 
now  and  old  cniiianlvnii-iifs.  FidcsN  otlici-wiM-  speoiHed  the  new  fill 
shall  have  the  sanif  t-rown  and  slopt-  u^  tin-  old  levee. 

LEVEE  FAILURES. 

E.xporienoe  ha>  shown  that  the  stability  of  a  Icveo  is  dppen<]eni 
npnn  its  location,  cros.s  sc-ction.  nuilt-i-ial  used  in  const  met  ion,  and 
niaintenance.  If  all  llit-.-^-  foMdilions  were  itleal  there  ivoid*!  lie  ii" 
lt-\(-i-  failiu'es,  l»nt  in  praetiee  it  i.^  not  often  possible  to  ^ct  theia. 
liOralions  nuist  bo  nsed  which  leave  the  foiindution  and  slofips 
(•X|>os(-d  to  erosion  hv  cinTents  and  waves.  Sneh  inaterial  Hs  i.s  at 
lianil  iinisl  !h-  nst-d.  and  the  funds  available  often  determine  the  sizt' 
of  till'  cross  si-ction.  Tlie  i<leal  nnilcrial  for  levee  construction  is  a 
heavy  teinicions  earth  which  will  not  erotle  or  tlissolve  \vh«»n  sub- 
jected to  the  direct  action  of  wiiter  and  will  resist  perc<diition  under 
hydrostatic  pn!s.suiv.  Of  the  available  materials  fonnd  in  river  bot- 
toms frnnibo  and  "  buckshot.  "  ai-c  tin-  best. 

The  material  of  the  low  land  borderinjrthe  Illinois  River  is  excellent 
for  levee  construction.  It  yields  very  slowly  to  the  erwiing  action  of 
rniniiiifr  water  and  only  simill  crevass<>s  are  formed  in  ca.se  the  water 
breaks  tlie  endianknieiit.  A  numl)er  of  places  were  observetl  where 
the  water  had  rini  over  the  top  for  several  days  without  injuring  the 
hank.  When-  crevass(>s  had  Iw-en  formed  the  foundation  of  tli« 
einbanknient  was  not  cut  below  tin-  original  surface.  Even  where  the 
water  had  been  riuining  out  from  the  inside  thrimgh  crevasses  for 
weeks  the  material  tnnler  and  at  the  sides  (»f  the  rinming  water  wa.-^ 
solid,  and  it  was  necessary  to  use-  a  spa>le  to  deejH?!!  the  crevasses  suf- 
fi<-iently  to  relieve  the  inclosed  district  of  surface  water. 

Wave  action  causes  the  most  serious  injury  to  levees  composed  of 
this  material.     Where  the  levee  is  e.\pose<l  to  un  e.\|)anse  r»f  open 
water,  during  a  high  wind  the  waves  uinlercnt  the  embankment  at  the 
surface  of  the  water  and  dissolve  the  material.     As  the  waves  rut 
back  into  tin-  Icvcc  the  overhanging  material  falls  into  the  water  and 
is  ra|ndly  bruki-n  up  ami  carried  away,  while  the  material  above  the 
point  t»f  the  ermling  force  assumes  a  vertical  |)osition.     The  lengtli  of  M 
lime  a  levee  inn  withstand  wave  action  is  ileix-ndent  upon  the  width   " 
of  the  h'vec  at  the  water  line  and  the  intensity  and  duration  of  the      , 
storm.     If  ihe  water  is  falling  during  a  .series  of  stomis  of  short 
duration  the  slojie  will  be  worked  into  steps,  the  dimension  of  each 
step  l>eing  di-(ermined  by  the  stage  (d"  the  water  and  the  flnration  of 
the  storm. 

Much  of  the  material  of  the  lowland  bordering  tiie  .Missi.-.si|)|ii 
River  is  a  sandy  h»am.  in  which  the  sand  is  very  Hue,     This  is  p«ior 
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iiiutt'rial  for  Icvt-e  I'tmstnictioii,  iis  it  t'l'odi's  nipidly  iiiRlor  llii;  uctioii 
of  watiT.  A  luiiiibtT  of  civvnsses  r>(X)  to  1.000  fept  in  witlth  weiv 
ohscrvi'd  ill  h'vet^  of  this  material  in  wliifli  the  iiiHow  of  tho  wafer 
hiid  cntded  the  foiiiuliition  '20  to  :iO  fivt  In-low  the  orifrinid  surface. 
(F'ig.  IIC).)  The  crevus.ses  in  the  Wiirsinv-Quinev  and  Sny  levees 
were  of  this  niitiire,  and  also  the  erevnsse  formed  in  that  part  of  the 
K()l)erts  levee  on  the  Illinois  River,  whieh  had  heen  eonstriieted  on 
a  sand  ritlge.  The  material  readily  permits  the  [jcreolatioii  of  water, 
and   Ijecomes   soft   arid   iinslable   when    inider   liydrostatic   pressure. 


/>*4A>    or' 


BREAK    NO.  I 
/ND/AN  GPAVfl  D/3TRia. 


JUNCJ.  ISO) 


Fio.  116.— Map  of  break  No.  1.  Inrtliiii  limvc  dblrtot, 

Kniliankments  bnilt  of  it,  when  subjected  to  lonp;  pt^riods  of  higli 
watei-.  beeoirie  liviiibrnyf:.  shakiiifr  mas.ses  when  disturlx-d,  anil  so 
soft  that  long  poles  may  be  thrust  down  into  them. 

Waves  cut  rapidly  into  a  sandy  material,  but  the  sand,  not  dissolv- 
ing, will  Ix;  rolled  back,  and  lhii>  the  snperiiiinmbent  mass  will  not 
assume  a  vertical  form,  but  will  be  coiiliinially  sliding  down  to  the 
water's  edge.  C«iise<|iicn(ly.  wave  actinu  is  to  suuie  extent  retarded 
by  the  material  from  almve  the  water  line  and  the  slope  is  gradually 
flattened.     A  heavy  sandy  material   will  iiermit  seepage,  bill   it   is 
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better  than  a  sandy  loam,  since  it  is  not  so  unstable.  When  cavities 
are  formed  it  will  drop  down  and  fill  tiiem  and  for  a  time  retanl 
erosion. 

Overtopping  is  due  to  the  following  causes:  Insufficient  height 
when  first  made,  settlement  after  construction,  or  excessive  and  un- 
usual floods.  Overtopping  is  usually  followed  by  crevasses,  their 
size  and  the  rapidity  with  which  they  are  formed  depending  on  thr 
nature  of  the  material.  The  failure  of  a  number  of  the  Dlinois  and 
Wabash  river  levees  was  due  to  overtopping. 

Failure  from  seepage  is  due  to  water  working  its  way  through 
the  levee  under  pressure,  thus  forming  a  small  channel,  which  is 
enlaiged  by  erosion  until  a  crevasse  results.  In  this  way  roots,  bur- 
rowing animals,  or  a  stratum  of  loose  sand  weaken  the  levee.  Any 
material  which  will  permit  an  opening  through  the  levee  or  its  fbtm- 
dation  may  be  the  cause  of  a  failure  from  seepage.  The  cross  tim- 
bers in  the  railway  section  of  the  Pekin-Lamarsh  district  caused 
the  failure  in  1902,  the  Houghton  break  on  the  Warsaw-Quiney 
levee  was  said  to  have  been  caused  by  a  small  hole  through  the  levee, 
and  numerous  crevasses  and  dangerous  seeps  in  the  Wabash,  Illinois, 
and  Mississippi  river  levees  owe  their  origin  to  animals  or  foreign 
materials.     (PL  XI.) 

The  crest  of  the  levee  is  sometimes  cut  oflF  by  the  waves  and  over- 
topping follows.  The  greatest  damage  from  this  source  occurs  after 
a  crevasM*  has  l)een  formed  and  the  area  back  of  the  levee  has  filled 
with  water.  This  has  occurred  in  several  of  the  Illinois  and  Wabash 
districts,  ^^^u'^'  a  direct  current  strikes  against  the  slojx*  it  may 
cut  off  the  crest  and  then  overtop  the  levee,  but  when  the  river  is  at 
its  lower  stages  the  daiijjer  from  erosion  of  banks  arises  from  the 
inulermiiiing  of  the  levee. 

When  saturation  is  the  direct  cause  of  failure  the  water  runninjr 
down  the  inner  sloj)e  erodes  the  material  and  causes  it  to  slougli. 
This  sloughing,  not  dangerous  at  first,  may  continue  until  the  inner 
slope  is  weakened  to  such  an  extent  that  the  crown  sinks  and  over- 
topping results.  Saturation  indirectly  causes  many  crevasses  in 
leve«'s  huilt  of  light  soils.  It  lessens  the  resistance  of  the  material 
to  the  action  of  the  water  and  facilitates  seepage,  so  that  any  small 
weakness  will  Iw  developed,  resulting  in  failure  that  might  otherwise 
have  been  averted. 

lioils  uu«y  occur  near  the  t(K>  of  the  slope  and  for  an  indefinite  dis- 
tance back'.  They  are  caused  during  high  water  by  water-bearing 
strata  lying  In'low  the  surface.  Where  there  is  an  opening  to  the  sur- 
face |)ressuir  forces  the  water  out  in  the  form  of  a  spring  (fig.  11.5. 
p.  Ci)7).  So  long  as  the  spring  runs  clear,  (here  is  no  danger,  but  if  it 
si)outs  nniddy  water  sufficient  material  uuiy  be  carried  from  under  tiie 
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levpp  to  causp  it  to  sink,  and  overtopping  results.  If  those  boils  are 
seen  in  time,  crevsisses  may  Ih>  pivveiiletl  Ijy  tilling  in  on  tup  uf  the 
levee  as  rapidly  as  subsidence  takes  place. 

BBAINAGE. 

One  of  the  first  problems  to  be  disposed  of  in  considerinp  a  project 
for-  tlu'  inipi'ovenicnt  of  uverllowed  hinds  is  tho  disposal  of  tlje  storm 
water  whii'li  comes  from  the  higher  lands  iiaek  of  the  distrirt. 
\\'here  there  are  wide  liottonis  ahmg  streams  having  jfood  falls  it  is 
often  jiraetieable  to  carry  both  the  hill  and  the  storm  water  of  the 
district  in  a  <'hannel  extending  for  a  long  distance  near  the  foot  of  the 
blntf  and  parallel  to  the  main  river,  liiuilly  discharging  it  at  the  lower 
end  of  llie  le\-ee  into  the  main  sli'eam.  This  is  the  plan  of  drainage 
in  the  Sny  district  and  is  connnon  in  the  districts  i»f  the  lower  Missis- 
sii)pi.  In  many  sectitais  of  (he  Illinois  Valley  this  plan  is  impracti- 
cable, and  it  is  necessary  to  lead  small  stn'anis  by  the  most  direct  route 
to  the  main  chatniel.  In  order  to  accomplish  this.  fre<pient  ci'oss 
levees  from  the  river  to  the  iilutf  are  refiuired,  which  divide  the  iv- 
chiimed  hind>  into  districts,  depending  in  size  upon  the  width  of  the 
bottoms  and  the  distance  between  the  drainage  systems  (hut  nniM  U' 
jirovided.  Each  district  organized  in  this  way  is  practically  inde- 
penilent.  Iieing  proti^'ted  by  its  own  levees,  which  extend  along  the 
ii\er  and  laterally  to  itie  lihill's.  This  form  is  spoken  of  as  a  closed 
district  to  distinguish  it  from  the  open  district  of  whii'h  the  Sny  is 
re[iresentalive. 

The  location  of  the  le^'ees  and  bonndaries  of  the  various  districts 
are  shown  on  the  acconi|)anying  plats.  .Some  of  the  districts  are 
ahn«>st  entirely  snrrountled  by  levees,  while  others  are  leveed  on  two 
sides  only.  In  an  ojien  district  the  drainage  water  is  disjM)sed  of  by 
ordinary  gravity  drainage,  the  only  drawback  to  this  system  being 
ihal  the  land  at  the  lower  end  of  the  district  is  necessarily  HiMided  by 
tln'  backwater  fi'om  every  overflow.  Tin"  amount  of  land  liuis  wasted 
de]K'nds  upon  the  gradient  of  the  v'i\*'v  and  the  width  of  the  bottom 
of  the  outlet  channel. 

In  the  closed  <Iistricls  the  untst  seriiais  problem  is  the  di.sposal  of 
the  highland  drainage,  known  as  "  bill  water."  When  it  has  been 
concentrated  into  Itirger  creeks  or  di-ainage  <'haniicls  before  leaving 
the  highlands,  it  can  be  carried  through  the  bottoms  in  a  channel 
leveed  on  Iwth  sides  to  prexi-nt  o\erflow  during  the  seasons  «if  high 
water.  As  a  rule,  these  side  stn'ams  have  a  good  grade  din-ing  the 
low-watei-  perio(l,  and  if  a  profter  channel  is  i-on^inicted  they  ilo  not 
overflow  as  long  as  there  is  no  backwater  from  the  taitlet  stream, 
but  during  high  water,  the  Hood  ]jlane  being  higher  than  the  surface 
of  the  bottoms,  the  tributary  stream  is  without  grade  from  tlie  point 
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wliere  it  enters  the  district,  ami  lience  its  flood  must  be  carried  on  top 
of  tlie  river  Hotvd.  The  difticidty  of  liuiKlIinj^  streams  <)f  this  ehanir- 
tcr  iirist's  from  llic  >iitiiiji  ii|)  of  their  cliiinm^ls  l>y  rt'iison  of  the  sud- 
den broalting  of  the  furreiil.  The  stivanis  coming  from  the  ctdti- 
vated  hiiids  sue  heavily  oharjied  with  sediment,  and  as  they  have  a 
rapid  {Ti-adienl  the  sill  is  ciirrietl  along  until  the  current  is  broken  by 
the  liiiekwater  of  the  lowlands.  wJien  it  is  de|H>sited  and  the  channel 
rapidly  fills,  often  eansing  tlie  \>etl  of  the  stream  to  rise  until  the  \vat#r 
flows  over  the  levees. 

In  oonslnietitig  tlie  Warsaw-Quincv  levee  it  was  necessary  to  lead 
Bear  Creek  direetly  across  the  bottom   from  the  bluflf  to  the  invc 
lK?tween  the  Indian  Grave  and  Lima  Ijike  districts.     To  <lo  this 
waterway   of   1.000   feet    was   left   lietween   the   cross    levees.     This^ 
was  thought  to  be  ample  for  the  highest  water  that  could  occur  in 
the  creek;  yet   the  levees  have  been  overto])])('d  and  they  linve  lyeenj 
raised  several  feet  above  the  HrM  height.     Tin-  trouble  was  causc*d1 
by  vegetable  growth  and  the   deposition  of  silt   in   the   waterway. 
D'.iring  the  summer  s»^nson  n  heavy  gi-owth  of  weeds  chokes  the  chan- 
nel and  checks  the  current  iluriiig  times  of  high  water,  allowing  silt 


UT 

i 

liisi 


Via.  n7.— Seriloii  ttvnv*  Otter  Orevk  abowiiig  drrdKeil  I'tiannvl  «n<1  opoil-hiink  leveei. 

to  be  dej)osited.  During  low-water  )H'ri»ids  the  stream  is  spread  o>Tr 
such  a  large  surface  that  the  channel  will  not  keep  clean,  althougli 
there  is  a  good  fall. 

At  f)tler  Creek,  on  the  Illinois  Kiver.  a  similar  improvement  wa? 
ma<le.  l)ut  instead  of  (juilding  cross  levees  l.ooo  feet  apart  a  deep 
channel  was  dredged  from  the  river  to  the  bluff,  the  wa.sto  nmtorini 
l»eing  (Ie|>osite<i  on  cither  side  in  the  form  of  levees  (fig.  117K  The 
e.xcavated  channel  is  of  sulhcient  ciijiacity  to  carry  the  ordinary  floods  ^ 
at  times  of  low  water,  while  during  the  high-water  season  the  spoil  ■ 
banks  act  as  levees  to  hold  the  flood  water  in  the  channel.  By 
reason  of  the  narrow  channel  in  which  the  water  is  confined  it  retains 
it's  velocity  and  thus  carries  the  greater  part  of  the  silt  through 
the  chaiuu'l.  Whenever  silt  is  tlepo-^ited  in  the  ditch  uniler  these 
conditions,  it  is  removed  as  sotui  as  the  water  in  tlie  river  falls,  as 
tins  produces  an  increased  velocity  in  the  channel  of  the  ditch  in 
^vhich  the  water  is  concentrati'd. 

During  the  past  spring  a  l)reak  occurred  in  the  Otter  Creek  levees. 
caused  by  the  ice  breaking  in  the  creek  Injfore  it  did  in  the  river,  and 
a  jam  was  formed  near  (he  lower  end.  causing  tlu'  water  to  overtop 
the  levees.     Ne4tr  the  point   where  this  break  occurred  an  area  of 
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jtI)pr(ixiiimU'ly  -0  acres  wus  eovctrd  ulKiirt  3  fi'cl  in  (k'ptl)  with  silt 
(leposiliMi  l)V  till'  wrttcr  aflcr  it  liii<i  I'scsipi'd  from  tlu'  cliamu'l  of  tho 
creeiv.  So  far  experience  shows  that  narrow,  deep  channels  of  not 
more  than  sufficient  c-iijiaeity  to  carry  the  rtw)ds  of  the  watershed  will 
e'euii  out  liettt'r  (han  Ini'irer  ones. 

In  some  liK-alities  the  iiill  water  emerges  from  the  liijfhhinds  in 
nniiierons  small  streams,  as  in  the  C^Jal  Crwit  district  (wfore  dcscrilxid. 
'I'lu'sc  streams  are  difficult  to  control,  as  they  come  into  the  hottoni 
with  very  ra|)id  currents,  heavily  charged  with  sediment,  which  is 
de]>ositeil  immediately  n])on  the  dieckiiig  of  the  enrrent.  Wliere  it  is 
desired  to  jirevent  the  hill  water  from  entering  tlie  di.stri<-t  it  is 
iieees.sary  to  unite  thcs(>  streams  by  an  intercepting  ditch  running 
along  the  outer  edge  of  the  lutttom  initil  a  point  is  reaclusl  when'  it 
can  he  car'ricit  to  the  rivi'r  helween  cross  levees.  As  the  iiiteree|>l  iiig 
ditch  is  of  lighter  grade  than  the  streams  coming  from  the  hills,  it  has 
less  vehwity,  and  as  a  result  is  rapidly  tilled  with  sediment,  oidy  a 
few  day^  of  ilood  water  being  necessary  sometimes  to  entirely  destroy 
its  etheiency  as  a  drainage  channel.  No  satisfactory  plan  for  pre- 
venting this  has  heen  devised. 

In  one  class  of  closed  districts,  such  as  the  War.saw-Quincy,  Flint 
Creek-Iowa  River,  and  otliecs  in  the  Xlissis-sippi,  where  the  bottoms 
are  iuterce])ted  liy  old  channels  and  shjughs.  no  effort  is  made  to 
carry  the  hill  water  atouud  the  district,  but  it  is  j)ermitted  to  run 
directly  iiito  the  district,  filling  up  ihe  channels  and  sloughs,  which 
act  as  reservoirs  until  the  water  in  tlii'  river  falls  sufficiently  for 
gravity  drainagi'  to  take  place.  In  all  chiscd  distri<'ls  it  is  nee<'ssary 
to  provide  means  for  gravity  drainage  during  low  water,  and  llii>  is 
accomplished  by  vai-iously  constructed  outflow  culverts,  m>  arranged 
that  they  can  Ije  closi'd  against  the  river  water  during  the  Mood  sea.son 
and  opened  during  the  low-water  season. 

For  this  purpose  Idtth  earthen  and  iron  pi]>es  are  used.  A  few 
wooden  sluices  have  been  used,  but  on  accoimt  of  the  .short  life  of 
woo<i  and  its  contraction  and  expansion  when  alternately  wet  and 
dried  they  have  not  been  satisfactory.  On  the  Flint  Creek-Iowa 
I\iver  levee  ca.st-iron  water  pipe  H  feet  in  diameter  has  Ix'en  u.sed. 
On  the  Warsaw-Quincy  levee  pipe  3  or  4  feet  in  diameter,  made  of 
lioiler  [)lates,  has  Ikhmi  exclusively  used.  A  private  levee  on  the 
Illinois  Uiver  and  also  the  South  Kivcr  levee  near  Hannibal,  Mo., 
which  are  in  process  of  construction,  are  using  3f5-inch  vitrified  sewer 
pipe,  with  one  joint  of  cast-iron  water  pipe  on  tho  outer  end.  but 
neither  of  these  culverts  has  yet  Ix'cn  tested. 

All  the  culverts  examined  showed  tlu'  effect  of  settlenuTit  iuuue- 
diately  under  the  levee,  the  weight  of  the  levee  having  <-nused  the 
culvert  to  settle  faster  in  the  center  than  at  the  ends.     This  settle- 
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iiuMil  has  ii  toiidfiu'v  to  ilistort  anil  tlaltoii  ^oiuf  of  tht-  riveted  pipe-, 
while  ill  the  <'jist-iron  pip*w  it  springs  the  outer  joint,  oausing^  thiyii 
t(j  li'ai{.  Ill  scvciiil  iiistiiiR-es  the  flow  of  water  thronfrJi  tho  outer 
joint  has  etodeil  away  a  great  deul  of  the  earth  covering  tin-  culverts 
Imik  of  the  abutment.  In  all  cases  where  C4ist-ii-on  pijjes  have  bow» 
ii>('<[  for  oiitddw  culverts  the  outer  end  is  protected  by  a  rnasonrv- 
abulnienl  and  the  inner  end  i)y  niasoiirv  or  riprap.  Some  of  the 
steel-plate  eulverts  have  their  entls  prottM-ted  by  masonry,  others  by 
i'i|irap  or  tinibei-  slu'iithing,  while  a  few  have  no  protection  whatever. 
There  is  as  niueh  vaiiety  in  the  funn  and  eonstructioji  of  the  valves 
which  o]>en  and  close  the  culverts  as  in  the  cidverts  themselves.  In  a 
few  castas  the  valve  is  merely  a  heavy  iron  lid.  nia<le  to  fit  the  pipe,  and 
fastened  to  its  iipjier  side  by  a  hinge,  and  designed  to  ojieii  and  close  by 


Fiti.  OH— stfluh  of 
viilve  lor  rivflvd- 
I»lalo  outflow  cul- 
vert. 


Via.  U9.— Sketch  of 
wofxluti  valve  for 
outflow  eiilvcrt. 


Flf..  )».— Sketch  of 
fft-st-inm  vHlvt*  tor 
iintHiiw  culvert. 


hand.  Those  for  the  outflow  culvert  at  the  Meredocia  district  atv 
rectangular  cast-iron  valves.  o|)eni'd  and  dosetl  by  means  of  a  i;'a|>stan 
placed  mi  a  pier  which  is  Imill  on  the  outer  al)utinent  of  the  eidvert. 
They  are  not  satisfactory,  from  the  fact  that  they  i-equire constant  at- 
iention  and  are  haivl  to  miinipiitate.  In  (lie  greater  number  of  the 
districts  attempts  have  Ix'eii  made  to  secure  autonuitic  valves.  Where 
steel-plate  culverts  are  used  the  valves  are  usually  made  of  one-qnmler 
inch  plate,  hinged  to  the  upper  side  of  the  i)ipe  by  two  strap  hinget^ 
(fig.  IIH).  The  section  of  pipe  which  acts  as  the  seat  of  the  valve 
is  sometimes  cut  at  a  slight  angle  and  reenforced  by  a  2-inch  angle 
iron  iH'nt  aroitnil  the  pipe  so  as  to  fit  along  the  edge.  Roth  wooileii 
and  cast-iron  valves  are  used  on  the  ca.st-iron  pipes.  Wooden  valves 
are  made  of  thret;  thicknesse.s  of  li-inch  plank  cut  in  a  circular  form, 
tlie  inside  diameter  being  G  inches  smaller  than  the  outside  (tig.  11!>). 
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Fig.  1. -Wooden  Outlet  in  Hahtwell  Ranch  Levee. 


Fro.  2. -Outlet  End  of  Outflow  Culvert  in  Flint  Creek-Iowa  River  Levee, 
Showing  Wooden  Valves. 


Fig.  3. -Outlet  End  of  Outflow  Culvert  in  Flint  Creek-Iowa  River  Levee, 
Showing  Method  of  Counterbalancing  Cast-iron  Valves. 
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This  gives  a  Ijevel  shiq)o  to  tln>  ihIjti'  of  thi'  vulve  ami  iivniiits  it  to 

Jo.ie  l)y  tlic  iiiiKT  filer  fittia;^  tlu'  iiisiilf  of  tlic  )»ijH',  wliiK'  l!ic  oiitt-r 

»ce  (k>e.s  not  enter  it.     Tin-  xnlve  is  iittticlied  to  tlie  upper  side  of  tho 

»ipe   by   «   cast-iron    liiuj^i'   seal   Uulli'd   to  tlie   ])ipe.     The   ciist-iron 

ralves  are  lieavy  plate,  planed  (o  lit  the  end  of  the  pipe,  which  has 

en  <-nt  with  a  small  angle  and  also  planed,  and  is  hung  to  tho 

ii])per  >ide  of  the  [lipe  hy  a  <'ast  hinge  {tig.  V20). 

The  iron  valves,  heing  heavy,  close  easily,  hut  retpiire  eonsiderahle 
lu'ad  of  water  to  o|)en  llieni.  Iti  a  test  on  the  Flint  Crcek-Iown  Ki\er 
etilverls  it  required  1-j!  inches  of  head  lo  open  the  valve.  This  difti- 
cidly  was  obviated  hy  couaterbahiiu-iiig  the  valve  witli  an  iron  i-ail. 
(PI.  XII,  fig.  ;i.)  The  wooden  \alves  give  g««)d  satisfai'tion,  a^  they 
will  open  under  a  sniali  lieail  of  water,  hut  they  an-  not  easily  kepi  in 
working  order,  as  the  alteriuile  weiliiig  and  drying  causes  them  to 
warp  and  twist  nntil  llx'y  do  not  lit  projjerly.  Ihiiing  (he  tlrv  sea- 
-<in  they  close,  and  then  expand  when  wet  nntil  llu>v  will  iH>t  o|)en. 
Thc-y  slxKild  Ifc  so  constructetl  that  ihey  can  not  ris«'  ahove  a  liori/.on- 
tal   [)osilion. 

There  is  no  valve,  n-gardless  of  its  niechani>hi.  that  can  Ir-  depended 
on  to  operate  perfeetly  at  all  times.  When  it  is  r-losed  drift  and  silt 
may  lodge  against  it  and  prevent  its  o|)ening,  or  wiien  opened  the 
di-ift  and  silt  may  lodge  on  llie  seat  and  prevent  its  closing,  TIence 
it  slumhl  he  looked  after  and  kept  free  from  aecumnlations  of  this 
rliaracter.  It  should  also  he  so  roust  T-in-ted  that  if  desired  il  can  he 
locked  either  open  or  closed.  In  lindiered  districts  drift  is  a  con- 
timnil  souree  (d'  annoyaiu'e  at  the  oultlow  culverts,  as  it  lodges  in 
tl»e  vnlve  or  around  the  inlet.  ])reventing  the  free  flow  of  water. 
Where  (lierc  is  di'ifl  in  the  interior  di-ainnge  chamuds  the  outflow 
culverts  should  Ih'  protected  hy  screens  made  of  tinilK'rs  or  wire  cjililes, 
which  will  catcii  and  liold  the  drift  Ix-fore  it  comes  in  contact  with 
the  inlet  ends  of  the  culverts. 
_^  In  some  of  the  lowdying  bottoms  the  elevation  of  the  gen<iral  sur- 
Hfeace  almve  that  of  low  water  is  so  slight  tlnit  it  is  nece.ssnry  to  use 
puuij)s,  and  a  mnulier  of  districts  have  installed  [jumping  [)lants. 
I'nntps  of  (he  rotary  pattern,  like  the  Menge,  and  the  lioriitontal  cen- 
trifugal |)Uinps  are  used.  In  the  Lacey  and  Meredocia  districts  the 
Idisciuirge  pipes  arc  arrangerl  as  siphons,  so  that  the  actual  lift  of  the 
"pnmp  is  only  the  ditference  in  idevalion  of  the  water  on  the  two  sides 
of  the  levee.  In  some  districts  the  water  is  diseharged  from  the 
pump  directly  Ihrivugh  the  levee,  so  that  there  is  no  loss  of  power  due 
to  lifting  the  water  to  an  unnece.ssarv  lieight  in  order  to  disi'liarge  il 
over  the  levee.  Some  of  the  rotary  pumps  raise  the  water  over 
the  top  of  tiie  levee  regariHess  of  the  surface  of  the  water  on  either 
side,  while  others  have  arrangements  Ijy  which  the  water  can  l>e  dis- 
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charged  at  various  heights  through  the  levee.  AA^iatever  the  style  of 
])unip,  a  method  of  discharge  should  he  adopted  in  which  there  wouhl 
be  as  little  waste  of  power  as  possible  due  to  raising  the  water  higher 
than  necessary  to  give  it  a  free  escape  on  the  outside  of  the  levw. 
The  pumping  plant  should  lie  located  at  the  natural  drainage  outlet 
of  the  district. 

In  a  numl)er  of  districts  the  results  obtained  from  the  first  pump- 
ing plants  have  been  disappointing,  due  partly  to  failure  to  provide 
for  the  volume  of  water  that  it  is  necessary  to  raise  in  order  to  t^lraiu 
the  land  inclosed  and  partly  to  failure  to  take  into  account  the  sources 
of  the  water  that  nmst  be  removed.  In  a  closed  district  the  water  to 
be  removed  is  stonn  water  which  actually  falls  on  the  area  and  seep- 
age water  which  {X'rcolates  through  and  under  the  levee.  AYhere  a 
district  is  not  entirely  inclosed  by  a  levee  the  drainage  from  the  high 
lands  that  (;omes  through  the  district  should  also  be  provided  for. 
Where  drainage  conditions  are  similar  to  those  of  Illinois,  stonii 
water  can  ])robably  be  removed  l)y  ])umping  plants  having  capacities 
of  one-fourth  inch  in  depth  per  acre  every  twenty-four  hours.  This 
is  the  experience  along  the  Illinois  River,  but  it  should  be  noted  that 
the  amount  of  seepage  to  be  removed  may  i-equire  considerable  addi- 
tional capacity  in  the  pumping  outfits. 

^Vliere  closed  districts  are  protected  by  well-constructed  levees 
and  all  hill  water  taken  care  of  outside  the  levee,  it  is  believed  that 
])umping  plants  can  furnish  efficient  interior  drainage  at  reasonable 
cost,  but  it  is  not  practicable  to  loniovc  hill  water  from  a  district  l)v 
this  method  except  for  (piite  small  areas.  AVliere  pumps  are  re<|uirc(l 
they  sliould  be  started  in  the  s|)riiig  as  soon  as  water  appears  in  the 
(lit<'lies  and  sliould  keep  the  water  down  to  the  lowest  limit  until  the 
flood  season  has  passed.  l?y  so  doing  the  soil  will  l)e  thorough Iv 
drained  and  it  will  serve  as  a  reservoir  thiring  times  of  heavy  rains  oi- 
excessive  Mood  heights  of  the  river,  thus  preventing  all  injiwv  to 
growing  crops  from  oversatnration  of  the  soil. 

The  cost  of  reclaiming  a  tract  of  land  subject  to  overflow  varies 
with  its  area  and  shape,  a  wide  tract  being  cheaper  i>roportioiuitelv 
than  a  narrow  one,  as  the  expense  of  the  river  levee  is  the  same 
regardless  of  the  width  between  the  river  and  the  blufF.  The  ft)llow- 
ing  tables  give  these  costs  in  the  various  districts  as  nearly  as  it  was 
possible  to  obtain  them. 
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"Saturc  and  msl  of  rerlamatUm  vrorks  in  different  districts. 

rKKI.N-LAMARSH    W8TBICT. 

Oreniitzod  in  1880.     Length  of  lovee,  IncludlnR  l.r>  lullos  of  rnll- 
wny,  (!.5  iiiileM.    Aivii  |>rotwt«l,  2,5(K(  acres. 

Cost  of  levee ifia,  5(iO.  (H) 

Piild  railway  (.■oiupany  for  use  of  sraUe S,  2(10. 00 

C't)st  of  draliuiBe  system 7.«K»0.(X) 

Cost  of  )muii)lng  i>lant 3,500.00 

General  ex|ienses n.SOO.OO 

Averaite  annual  exi>enw>s 1.200.00 


Average  oi)eratinR  e.\i)enses  for  12-liour  shift : 

1  en!u;lneiuan 2.00 

Oil  and  waste .125 

3.5  tons  of  eonl  (when  river  was  at  15-foot 

stage) |ij.  77 

2.5  tons  of  coal  (when  river  was  below  15- 
foot  stage) 4.12 

4.  m 

Average  exi)ense  iier  12-hour  shift 7.08 

One  year  it  was  not  ne<-essary  to  nm  the  imnip;  another  year 
It  riyi  only  two  weeks.  In  the  reiuninlng  years  it  was  o|)orate<l 
through  Marcli,  April,  and  May.  but  part  of  the  time  only  twelve 
hours  iwr  day. 

iJkCKV    DIHTBHT. 

Organized  In  181)7.  I^ength  of  levee.  Including  2.5  miles  of  rail- 
way grade,  !t.5  miles.     Area  protected,  .5,180  acres. 

Cost  of  levee flCOOO.OO 

Cost  of  drainage  s.vstem 11,, '».'>(). (10 

Cost  of  immplng  plant 12,<K)0.00 

(Seneral  exiK'Uses 0,  OJiO.  00 

Cost  of  pumping  after  break  of  HHCi 4,(X)0.00 

Cost  of  repairs  after  break  of  l!t02 4,(HK).00 

Cost  of  patrolling  during  flood  of  I'.MM .5(K>.(K) 


Average  «|K'ratlng  <'xpenses  for  12-hour  shift: 

Knginenian 2.00 

Fireman 1.75 

Oil  and  waste .375 

!)  tons  coal,  at  $2.15  (when  river  is  alwve 

l.Vf<Mit   stage) $U»..^5 

7  tons  coal,  at  .$2.15  (when  river  is  at  1.5- 
foot    stage) 1.5.05 

17. 20 

.Vverage  expense  jkt  12-hour  shift 21.. 13 

The  cost  of  pumping  lias  raMge<l  from  $l,.'>no  to  .*5,000  per  annum, 
the  dally  <-ost  ranging  from  $,'tO  to  $45  ])er  24  hours.  The  pumits 
usually  start  the  latter  part  of  Februar.v  and  nm  until  after  the 
higli-watiT  iK'rIod  Is  over,  In  May  or  June.  In  lOOl  the  pump  was 
ojierated  only  20  days. 
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iiient  Ims  a  tciuloiicy  to  distort  ami  (laltcu  iconic  of  the  riveted  pi| 
whilo  in  the  cast-iron  pipes  it  si)rin{(s  tlie  outer  joint,  causing  thet 
to  Icjik.  In  seviTiil  instiinces  tlie  flow  of  water  throufijli  the  out* 
joint  lias  eroded  away  a  ji^reat  deal  of  tlie  earth  coverinjj  the  culver 
hack  of  the  nhutnieiit.  In  all  case's  where  cast-iron  pi|)es  have 
used  for  oiitfhiw  fidveits  the  tmter  end  is  protected  In'  u  niasoul 
alnitnienl  ami  the  iinier  end  by  rnasi>nrv  or  rijirap.  Some  of  ll 
sleel-[ilate  culverts  have  their  ends  protected  l>y  nuisonrv.  othei-s  U 
ri|)rii|)  or  tiniher  sheathin«:,  while  a  few  have  no  protection  whRtevcl 
There  is  as  nnich  variety  in  the  form  and  construction  of  the  valvt 
which  op<'n  ami  close  the  culverts  as  in  the  culverts  themselves.  In  _ 
few  cases  the  valve  is  merely  a  heavy  iron  lid,  nia<le  to  fit  the  pipe,  and 
fastened  to  its  upper  side  hy  a  hinge,  and  desigued  to  oi^en  and  close  b] 


Flu.  UK.— Sketch  of 
viilve  for  rivi'ted- 
pUlc  oultliiw  cul- 
vert. 


Fi<i.  119,— SkeU'hoJ 
wooden  valve  fur 
outflow  culvert. 


Fio.  IJO-skelch  of 
HL«I-Ir<in  valve  for 
outflow  culvert. 


hand.     Those  for  tlie  onltlow  culvert  at  the  Meredocia  district   mi 
reclan^ruhir  cast-iron  vah'es,  u|M'neil  niid  closed  by  means  of  a  capstar 
placed  on  a  pier  which  is  luiilt  on  the  outer  ahiitnieiit  of  the  culvert 
They  are  not  satisfactory,  from  the  fact  that  they  retpiire  constant  nt^ 
fention  and  are  hard  to  manipulate.     In  the  "jivater  iiiinilx>r  of  the 
districts  attempts  have  Ixvn  maile  to  .secure  automatic  valves.     Wheit 
steel-plate  culverts  are  used  the  valves  are  usually  made  of  one-qimrtc 
inch  plate,  hinged  to  the  ii|)iK'r  side  of  the  ])iiM'  by  two  strap  hiri^« 
(fig.  118).     The  section  of  j)i|)e  which  acts  as  the  seat  of  the  valve' 
is  sometimes  cut  at  ti  .slight  angle  and  reeiiforced  hy  a  2-inch  aiiglo 
iron  iK'Ht  around  the  pipe  so  as  ttj  (it  along  the  e<lge.     Both  wfMxlen 
aiul  ca,st-iron  valves  are  used  on  the  cast-iron  i)ipes.     Wooden  valve 
are  made  of  thre<^'  thicknesses  of  2-inch  plank  cut  in  a  circular  form, 
the  inside  diameter  being  (i  inches  smaller  than  the  outside  (fig.  HJ)). 


FiQ.  3.— Outlet  End  of  Outflow  Culvert  in  Flint  Creek-Iowa  River  Levee, 
Showino  Method  of  Counterbalancing  Cast-iron  Valves. 
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This  gives  a  bevel  siiape  to  thi;  od^o  of  tint  vnlvo  and  permits  it  to 
cloiie  by  the  inner  face  fitting  tlw  inside  of  the  piiM',  while  the  outer 
face  does  not  enter  it.  The  valve  is  attached  to  tii<'  upper  side  of  tlio 
pipe  by  a  cast-iron  hinge  stuit  Iwilted  to  tlie  pijx?.  The  cast-iron 
valves  are  heavy  plate,  phmed  to  fit  the  entl  of  th«'  i)iiH',  whicli  lias 
been  cut  with  a  small  angle  and  also  ])lane<l,  and  is  hung  to  thu 
upiwr  side  of  the  piix'  by  a  cast  hinge  ( fig.  I'JO). 

The  iron  valves,  lx>ing  heavy,  close  easily,  but  require  considerable 
head  of  water  to  open  them.  In  a  test  on  the  Flint  Creek-Iowa  River 
culverts  it  retpiiivd  I'i  inches  of  hea<l  to  o|)en  the  valv<'.  This  <liHi- 
culty  was  obviated  by  counterbalancing  the  valve  with  an  iron  rail. 
(1*1.  XII,  fig.  3.)  Tiu'  wcmmIcu  valves  give  good  sati>fai'tion.  as  they 
will  open  under  a  small  head  of  water,  but  they  are  not  easily  kept  in 
working  onler,  as  the  alternate  wetting  and  <lrving  caus«'s  them  to 
warp  and  twist  until  they  <!(»  not  fit  properly.  During  the  dry  sea- 
son they  clost«,  and  then  expand  when  wet  until  they  will  not  open. 
They  should  Ije  so  c«)nstructed  that  they  can  not  rise  above  a  horizon- 
tal position. 

There  is  no  valve,  regardless  of  its  mechanism,  that  can  b  >  depended 
on  to  operate  perfectly  at  all  tiuH's.  When  it  is  closed  drift  and  silt 
may  lodge  against  it  and  prevent  its  ()|)ening.  or  when  opeued  the 
drift  and  silt  nuiy  bulge  on  the  seat  and  prevent  its  closing.  Ileiwe 
it  should  In;  looked  after  and  kept  free  from  accunudations  of  this 
character.  It  should  also  Im>  so  constructed  that  if  desired  it  can  Ik^ 
locked  either  open  or  closed.  In  timben-d  districts  drift  is  a  <'on- 
tinual  source  of  annoyance  at  the  outflow  culverts,  as  it  lodges  in 
the  valve  or  around  the  inh^t,  preventing  the  fre«'  How  of  water. 
WHicro  there  is  drift  in  the  interior  ilrainage  chamiels  the  outHow 
culverts  .should  Ihi  protected  by  screens  ina<le  of  tinilK'rs  or  wiiv  <;al)les, 
which  will  catch  an<l  hold  the  drift  Ix'fiire  it  comes  in  contact  with 
the  inlet  ends  of  the  cid verts. 

In  sonu?  of  the  low-lying  bottoms  the  elevation  of  the  general  sur- 
face alwve  that  of  low  water  is  so  slight  that  it  is  necessary  to  ust' 
pumps,  and  a  numlH>r  of  districts  have  installed  pumping  plants. 
Pumps  of  the  rotary  pattern,  like  the  .Mcnge.  and  the  horizontal  cen- 
trifugal pumps  are  useil.  In  the  Lacey  and  .Men-docia  districts  the 
discharge  pipes  are  arranged  as  siphons,  so  that  the  actual  lift  of  the 
pump  is  only  the  (lifference  in  elevation  of  the  water  on  the  two  sides 
of  the  lev(M!.  In  souh'  districts  the  water  is  discharged  from  the 
pump  directly  through  the  levee,  so  that  there  is  no  loss  of  power  due 
to  lifting  the  water  to  an  unnecessary  h(>ight  in  ortler  to  discharge  it 
over  the  levw.  Some  of  the  rotary  ])umps  rai^t'  the  wat<'r  over 
the  top  of  the  U^vee  regardless  of  the  surface  of  the  water  on  either 
side,  while  others  have  arrangements  by  which  the  water  fan  1h>  dis- 
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c!iai'<:i'(l  iit  Viirioii.^  Iici^rhts  (hrotjvrh  llii'  levpe.  ^\'l>n(ovt'r  the  style  o' 
pnnip,  a  iiidliod  of  <ii-i'liiir^i'  sliould  Im>  atloptt'd  in  whirli  there  wouUl 
l>e  lis  little  waste  cif  power  iis  possilile  ihie  to  raiding  the  water  hiffher 
than  neei'ssiirv  ti»  ^ive  it  a  free  escap-i'  on  tin-  iiiitsirle  of  the  levir. 
Tile  i>innpiii^  plant  sliould  he  locnteil  at  the  natural  tlraiiiagi^  outlet 
of  the  district. 

In  ii  ninnin-r  of  distrifts  the  results  ohtained  from  the  first  pump 
iiifr  plants  have  U'en  disapiniintinjL'.  due  partly  to  failure  to  i)roviiio 
for  iIk'  \()!ume  of  water  (hat  it  is  neeessary  to  raise  in  order  to  ili-aioH 
the  land  ineSosed  and  partly  to  failure  to  take  into  account  tl»e  soiin-es 
of  the  water  that  luust  In-  removed.     In  a  closed  district  the  water  to 
lie  I'euioved  is  .storm  water  which  actually  falls  on  the  area  and  se«p^| 
ajrc  water  which  percolates  throiifrh  jnul  under  the  levee.      Where  n 
dislrict  is  not  culirelv  inclosed  l>v  a  levee  the  draiuatie  from  tlu>  hi«'h 
lands  that  comes  thrtnifi:h  the  di.strict  should  al.so  he  providetl   forS 
AAHiere  drainajre  conditions  are  similar  to  those  of  Illinois,   storm 
water  can  jjrohahly  he  removed  hy  [aunpinji  ]»lants  haviuj;  eapaeities 
of  onc-foin-tli  inch  in  ilepth  per  acre  every  twenty-four  hours.     This 
is  the  ex](ei-ience  alotifr  the  Illinois  Iliver.  hut  it  shoidd  l»e  noteil  that 
the  aiuoiuit  of  secpafrc  to  he  removed  may  retpiire  considerable  addi- 
tional capacity  in  tlu'  ptunping  outfits.  H 

Where  closed  (listri<'ts  are  prot<'cted  hy  well-construcleil  levee* 
and  al!  Itill  water  taken  care  of  outside  (he  levee,  it  is  IxdievtHl  that 
pumpinji  plants  can  furnish  eflicient  interior  drainajy;e  at  reasonable 
cost,  hut  it  is  not  practictddc  to  remove  hill  water  from  a  district  hv 
this  method  except  for  ipiite  small  areas.  Where  pumps  are  retjnired 
they  sliould  he  slai'ted  in  the  s])ring  as  so<m  as  water  appeal's  in  the 
ditches  and  should  keep  the  water  down  to  the  lowest  limit  until  the 
Hood  M'asou  has  pass«'d.  By  so  doinjj;  the  soil  will  he  thoroiighlv 
draiueil  and  it  will  serve  as  a  reservoir  din*in^  times  of  heavy  rains  or 
exc('>sivi'  Hood  heiplits  of  the  river,  thus  pi'eventin|i  all  injnrv  to 
^rowinjr  crops  from  oversal nidation  of  the  soil. 

The  cost  of  reclaiming  a  tract  of  laud  suhject  to  overHow  varies 
with  its  area  ami  slnux',  a  wide  tract  heing  cheaper  |>roportionatelv 
than  a  narrow  one,  as  the  expense  of  the  river  levee  is  tin-  same 
regardless  of  the  width  hetweeu  i!if  river  and  the  hhitF.  The  ftillow- 
iiiff  tallies  give  these  <'osts  in  the  various  districts  as  nearly  as  it  was 
imssible  to  obtuiu  them. 
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Kature  and  cost  of  reclamation  works  in  different  districts. 

PEKIN-LAMARSH    DISTRICT. 

Orgnnlzed  In  188!).     Length  of  levee.  Including  1.5  miles  of  rail- 
way, (!.,")  iulle.s.    Areii  protevtetl,  2,300  uctch. 

Cost  of  levee $12,500.00 

Paid  railway  (■umi>any  for  use  of  grade 3,200.00 

Cost  of  drainage  system T,(KI0. 00 

Cost  of  pumping  plant 3,500.00 

General  ex|>enses 5,800.00 

Average  annual  ex|ienses 1.200.00 


Average  operating  exjienses  for  12-hour  shift : 

1  englueman 2.00 

Oil  and  waste .  125 

3.5  tons  of  coal  (when  river  was  at  15-foot 

stage) $5.  77 

2.5  tons  of  coal  (when  river  was  below  15- 
foot  stage) 4. 12 

4.  a) 

Average  expense  iter  12-hour  shift 7.08 

One  year  It  was  not  necessary  to  run  the  pump;  another  year 
It  run  only  two  weeks.  In  the  remaining  years  it  was  o|>erated 
tlirough  March,  April,  and  May,  but  part  of  the  time  only  twelve 
hours  per  day. 

LACEV    DISTRICT. 

Organised  In  1897.  length  of  levee.  Including  2.5  miles  of  rail- 
way grade.  !».5  miles.    Area  protecte<l,  5,180  acres. 

Cost  of  levee $30,000.00 

Cost  of  drainage  system 11,.V»0. 00 

Cost  of  pumping  plant 12,0<M».00 

General  expense-s D.O.'iO.OO 

Cost  of  pumping  after  break  of  1 902 4. 000. 00 

Cost  of  repairs  after  break  of  1902 4,000.00 

Cost  of  patrolling  during  flood  of  1!K)4 .500. 00 


Average  oiierating  exitenses  for  12-hoHr  shift : 

Englneman 2.00 

Fireman 1.  75 

Oil  and  waste .375 

9  tons  coal,  at  $2.15  (when  river  is  above 

1.5-foot   stage) $19. :« 

7  tons  <'oal.  at  $2.15  (when  river  is  at  15- 
foot    stage) 1.5.05 

17. 20 

Average  ex|>ense  i)er  12-hour  shift 21.33 

The  co.<it  of  pumping  has  ranged  from  $l,.'iOO  to  $.5,000  per  annum, 
the  daily  cost  ranging  from  $30  fo  $45  |)er  24  liours.  The  pumps 
usually  start  tlie  latter  part  of  Febrnary  and  run  until  after  the 
high-water  |K'riod  Is  over,  In  May  or  June,  lii  ItK)]  the  pum]>  was 
oiwrated  only  20  days. 
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ooAi.  CBEXK  varmot. 

Oi^nleed  In  1886.  Length  of  teree,  Indnding  4  miles  of  railway 
grade,  10  miles.    Area  protected,  7,000  acrea. 

Clearing  right  of  way,  per  acre ^40. 00 

Constructing  levee  with  dredge,  per  yard. , .  09 

14  by  30  Corliss  engine 1, 400.  00 

Cartage  and  setting  engine 600. 00 

18  by  72  inch  boiler,  set 1.  SOO.  00 

Condenser,  set 400.  00 

24-inch  centrifugal  pump * 1,060.00 

Cartage  on  pump-. 60. 00 

Setting  pump , lOaOO 

190  feet  26-Inch  rireted  pipe,  with  ralre  In  place.. . 1, 000. 00 

Two  15-lnch  centrifugal  pumps,  at  |500 1, 000. 00 

Cartage  and  setting  pomps,  at  |75 ^ ^ 160. 00 

Two  20-inch  discharge  pipes  with  valve  (each  pipe  290 

feet  long),  at  $550 1,100.00 

Average  operating  expenses  for  12-hoar  shift : 

Engineman . . ■. 2.00 

Oil  and  waste .20 

3  tons  coal,  at  $2 6. 00 

Average  expense  per  12-lKnir  shift > .8.20 

Annual  maintenance  of  pumping  plant . 50l  00 

If  the  bill  water  were  shut  out  of  the  district  It  Is  thought  that 
the  pump  would  drain  It  thoronghly  with  an  average  of  four  months 
pumping  per  annum,  beginning  In  February  and  ending  in  June.  It 
would  be  necessary  to  run  two  shifts  only  part  of  the  ttvae. 

MEBEDOCIA   IIISTBICT. 

OrKnnize<l  In  1897.  Length  of  levee,  2.1)  miles.  Area  protected. 
8,3.S.5  acres. 

River  levee,  at  8  cents  i>ei-  yard |7, 097.  20 

Divide  levee,  at  7.r>  cents  \>er  yard 1,987.  50 

Outflow   culvert .1.320. 14 

Pumping  plant 7,096.  47 

General  exiienses 3,399.10 

Dredging  dltclien,  at  8  cents  per  yard 8, 100.  32 

Annual  operating  e.\i)en8es  of  pninjiing  plant : 
For  year  ending  July  1,  1900— 

Engineman  205.00 

Coal  514.14 

Repairs  and  small  bills 74.58 

Insuranc-e  of  plant 35.00 

Total  for  82  days  of  12  hours 828.  72 

Average  iier  day 10.10 
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Annual  oiieratlng  exiieuses  of  pumping  plant — Continued. 
For  year  ending  July  1,  1901 — 

Enginemau    1 ^352.  50 

Coal    1.319.49 

Repairs 99.  7.S 

Oil  and  waste 38.88 

Kindling 9.50 

Insurance 35.00 

Total  for  141  days  of  12  hours 1,855. 10 

Average  per  day 13.10 

For  year  ending  .July  1,  1902 — 

Engineman  100.00 

Coal  412.58 

Oil    5.36 

Repairs 47.15 

Insurance  35.00 

Total  for  «J4  days  of  12  hours 600. 09 

Average  iier  day 10.31 

For  year  ending  July  1,  1003 — 

Engineman 418.00 

Coal 1,887.72 

Insurance 35.00 

Total  for  107  days  of  12  hours 2. 340.  72 

Average  i>er  day 15.21 

For  year  ending  July  1,  1!K)4 — 

Engineman 470.00 

Coal  2,08:J.24 

Repairs  and  sundries 285.00 

Insurance 44.00 

Total  for  188  days  of  12  hours 2, 882. 24 

Average  i)er  day 15.32 

FLINT   CREEK-IOWA   RIVEB   LEVEE. 

Built   by    I'nite<l   States   (Jovernnient   and    completed  in    1900. 
Length  of  levee,  3!).3  miles.    Area  protected,  44,722  acres. 

Levee  at  12.C  cents  jwr  yard 1 ?233,9«;i.97 

Su|)erintendence  and  in8i»ection 20,555.05 

14.770  linear  feet  of  levee  revetment 5,457. 04 

6.870  linear  feet  of  shore  protection U,G45.  97 

Outflow  culverts 10.618.23 

Uiglit  of  way 444.75 

Surveys  for  final  location 5,794.72 
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WABSAW-gVINCT   LEVEK. 

Tbis  iiroto<-U  three  diRtrlctA.  Oritrtnul  tiMt  iind  tuaintennnvv  does 
not  iiicluiU-  *sr..<HKi  sjient  l>y  the  Cnlted  StntcM  Gov«rnuieut  in 
Ktreiigtheuin^  the  levee. 

Hunt  (U8trk-t : 

Orpinized   In   18S«;.    I-eiiBt!i   of   levee.   1*5   miles. 

Areii  |iri>tei-te<l.  l)>i«i.i"i<>  jicTeK. 

Orijiriiuil  i-<ist  of  levee $102,387.45 

AiiiiUiil  cxiieiiw-  of  uiMliitenaiiLV 4,  5llO.  IIU 

Extliiiiited  value  of  iiro|)erty  dextroyed  In  flood  of 

llJ«i:[   200.  (too.  00 

Cost  of  repnlrliig  brenk  of  1903 8.  702.  00 

Lluiu  Lnke  district : 

Orpinlzed    iu    IHSli.     IvenKtli   of    levee,    10   mites. 

.Vreu  |irot«fte<l.  I4,<KH>  niTcsf. 

Oriuhiiil   coMl  of  levee 94,000.00 

Aiiiiu;il  ex|»m»e  of  uiiiiiitennm.'e S.  12.'>.  «iO 

RKlliiiiileil  value  of  prnperty  destroyed  in  flood  of 

19««  210,  mm.  no 

Cost  of  repairing  lireuks  of  1903 9.  »)00.  OO 

Indian  Grave  district : 

Onsaiiiwil    in    1S80.     LenelU   of    ievt^e,    21    luiles. 
.Vreii   iirotii'loi,   17.!l-tl  lUTest. 

Original   coKt   of   levee ITS,  000.  OO 

Estinint4i1  value  of  pi-o|>erty  de8troye<l  In  fl<N>d  of 

1903 JTO,  iKNi.  iM> 

('ost  of  vepairiiifT  l>renkK  of  190,3 ])i,  ikni.  in» 

EiHli  of  the  above  districts  wns  floiMled  in  1802,  1896,  and  1807. 
with  a  total  I'stiniiitcil  loss  us  great  us  that  of  1903. 

SNV  .ISLA>-n   1.EVKK. 

OrKani7,e<l  In   1871.     ijput^U  of  lev»H>.  iiicliidiiig  .T  miles  of  rail- 
way grade,  .">2  niile«.     Area  |irote<-ti'<i,  IKi.ikk)  ai-res. 

Original  t-ost  of  levee $."i(Kt.  <N(0 

EHtltuate<l  value  of  iiroi>erty  destroyed  In  floo<l  of  1S7»i.  174.  OfHi 

ICstiiiialed  value  of  jiroiierty  d<>j<tn)ye<l  In  llrKMl  of  188f).  249.  INX) 

Kstlinatcd  viiliic  of  proiMTty  destroyeil  in  tiooil  of  IHSI.  .VN).  (NiO 

Estiinatcil  value  of  laopiTly  destroyeil  In  (IikhI  of  1S.S.H_  1.4:54.  (KIO 

Amount  cxiM-nrlecl  for  repairs  prior  to  1H!».'{ 440,438 

Ex|MMisf  of  patrolling  levif  during  Hood  of  18Sr2 14.000 

Estliualed  value  rif  |)ro|ierty  destroyed  In  tloixl  of  1!Ni:t,  415.000 

t'ost  to  dlHtrict  of  lining  In  crevasw  of  19te 2,"i.0t)0 

Wiei-e  Icvec  cons(ructi<ui  is  compnrntively  new,  the  contract  ami 
.spGcificiitions  fnr  (lie  work  iis  ilruwii  often  contain  nHiuireini'iibJ 
wliicli  fire  miiH'oessarily  cxacliiif''.  Some  I'cqiiire  a  larpe  iH'rrenl.njrf 
to  be  iuUkid  for  sluinkafje  and  the  work  to  stnml  to  graile  for  a  mmi- 
ber  of  days  after  coiiiplction,  etc.     Sucli  specificatioiiH  often  pn^veijl 
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rospoiisiMo  (•(Jiitnu'toi's  frmn  liiiKlinj;  on  the  work  or  k'liil  tlicin  to  \)u\ 
>o  lii{:li  tltiil  tlic  i-oiilnict  is  jiwurtUHl  to  il•l■l's]Klllsii^l('  juid  pooi'ly 
wiuipped  contractors  who  urv  not  ultlv  to  i-iriT  i»n  tin'  work  in  ii 
•^atisfnt-tory  iiikI  I'fficicnl  mainu'r.  It  is  lifttiT  ffoTiomy  for  n  ilis- 
Irift  to  ussunii'  lunri'  risk  uihI  ri'spoiisitiility  in  the  foiislniftioM  lliiin 
t<»  fhiirgt*  the  contriictor  witli  all  njntingeiicies  that  may  arise.  The 
most  w'ononiical  work  is  (Uinc  when*  the  spci'i(iciuions  are  clear  and 
explicit  on  all  point.--  and  wIhtc  risks  and  uncertainties  which  con- 
tractors nnist  assume  are  redticed  to  a  niininititn.  Ten  per  cent  for 
shriidiuge  is  usually  ample  to  reipiirt'  of  tin'  contractor,  ami  as  scxm 
as  a  given  .section  is  lironglit  to  grade  it  shoulil  he  accepted  and  the 
contractor  released  from  responsibility.  Where  .settlement  oceurs  it 
slioiild  he  filled  at  district  c.vpense.  The  contractor  could  he  re- 
quiretl  to  put  up  any  structure  necessary  to  show  that  iiinlue  settle- 
ment was  taking  jjlace  and  hy  which  the  aunjunt  conhl  h.'  deter- 
mined. The  contract  and  specifications  slnaild  s<'l  forth  clearly  the 
amount  ami  character  of  the  work  to  he  done,  hids  called  for  on  <'ach 
item,  and  the  contract  let  to  a  responsihie  contractor  wln>  is  fully 
e(|uippe(l  t)>  execute  the  work. 

It  should  he  reiueuilx'rcd  that  ini  cla.ss  of  work  should  he  more 
thoi'oughly  done  than  that  required  in  reclaiming  overth»wed  lands. 
One  weakness  in  a  levee  .system  may  cans*'  an  ahimst  ine.stimal)le  lo.ss 
of  crops  ami  farm  projierty  as  well  as  great  injury  to  the  works 
themsi'lves.  Ijevees  can  not  Im-  made  a  piece  at  u  time  or  cheaply 
constrncled  with  the  intention  of  improving  and  strengthening  them 
later  witlnait  the  it-.k  of  having  the  entire  syst«'in  destroyed  iw^fore 
the  contemplated  improvements  can  Ih'  made.  Consequently  a 
reclamation  project  should  he  carefully  plannetl  and  then  rapidly 
executed  in  the  most  thorough  unitiner. 


VALUE  OF  OVEKFLOWED  LANDS. 

These  lands  range  in  jirice  from  $.j  to  $<'>0  jH'r  acre.  The  lower 
value  is  for  land  which  fltmds  every  year  and  will  furnish  no  valuable 
timber,  the  liigher  price  ln'ing  that  at  which  owners  hold  improved 
high  land  which  overflows  mily  at  times  of  extreme  high  water. 

I>uring  the  low-water  years  of  the  tiineties  large  yields  of  corn  and 
wheat  were  grown  on  such  lamls  as  wen-  then  reclaimed,  which  caused 
their  jirice  to  advance  to  $t>()  [K'r  acre.  Had  they  Ix-en  sm-cessfully 
protected  during  the  thnxls  of  1002,  iUO:^  «ml  li>04  the  value  of  these 
lands  would  have  Ixn-n  gn'atly  increas<'d,  as  nplamls  which  are  not  as 
productive  are  imw  valued  at  $liir>  to  $!,')(>  jx-r  acre.  The  following 
estimate,  showing  the  Bnancial  side  of  the  im|)rovement  of  these 
land.s,  has  been  nnide  by  calculating  the  costs  and  profits  of  1  acre 
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iiiulpr  tire  same  oonditidDs  ns  havf  Ix'oii  found  on  a  IfiO-acr©  farm  iii 
tlu'  I^cey  district: 

Kstliniited  cust  [mt  ixrro: 

Orijfiniil  (-osl  of  Iniid $5.  IM> 

flfitrlng irt.OO 

UuiUliugs  ami  improveuieatH .    lu.  IM 

I/«?vee  nssessinent , 14.  in) 

Athlitioiiiil  nssi»ssim'iit  lUMvaHiii-j-  to  <imstru«-t  tlie  levt^» 
Kufllcieiitly  stroiii;  to  >YltIi.sttiiid  ItiKli  wiiter  \u  tbe 
river 10.  00 


Total    cost. 


~>4.  IN) 


EetlmiiltNl  iimiu:il  exi)etisp  iier  acre: 

InttTwt  on  toliil  cost  ($S4I 3.24 

Tiixcis,  iiisuniiict*,  iiiid  repairs I.  oo 

I'UlllI>lll(!    tilX 1.«I0 


'I'litiit  iiiiiiii.'i!  cxpi'lisc J ri.  24 


Average  aununl  reiiliil 7.  .Vt 

.\iiiiual  net  imiflt 2.  2iJ 

TIte  prc)(lu(tiv('  pussiiji lilies  of  these  lands  are  now  being  appre- 
ciated and  iviicvved  interest  is  beiiij;  liikeii  in  the  work  of  their  reela- 
niatiun.  The  i)rolilenis  to  <leal  with  an«l  the  nature  of  the  work  nec- 
essary to  t)c  iloiie  lire  lieiiiji  lii'ttcr  nnderstotKl  hy  landowner's,  so  that 
more  ]ii-oliluli]c  results  will  <loubtless  be  obtained  in  the  future  tiian 
have  been  realized  in  the  past. 

FLORIDA  EVERGLADES. 

The  Everglades  of  soulJiern  I'^lorida  are  attracting  attention  by 
reason  of  their  aliility,  under  proper  drainage  and  niunaf^eiiient.  to 
pnuhuT  vegetaldes  fur  tlie  northern  winter  market  and  subtropical 
fruits  of  acknowledged  excellence.  A  reconmussance  of  lands  in  the 
\it-inity  of  Miami  was  maile  for  the  ])urposi>  of  iletermining  ujion  tin- 
feasibility  of  draining  a  snuiU  tract  of  everglade  land  for  e.\i)eri- 
niental  use. 

Tlie  part  examined  comprises  si  belt  of  land  extending  about  lit) 
miles  north  and  2")  miles  south  of  the  city  of  Miami  and  for  various 
distiiiices  frtim  the  coast  line  toward  the  Everglades.  The  topog- 
raphy of  the  land  near  the  coast  and  its  relation  to  liie  Everglades 
whicii  occupy  the  interior  are  interesting  and  im|HirtHnt.  The  ris«' 
of  the  general  surface  from  (he  coast  line  westward  for  u  distance  of 
.^  or  4  mile.s  is  ;i  to  1(>  feet.  From  this  westward  across  the  Ever- 
glades the  rale  is  al>out  O.H  foot  jjer  mile,  as  ascertained  by  two 
separate  surveys  made  under  the  direction  of  the  Florida  East  Coast 
Railway  Company.  Tlie  dividing  line  l>etween  the  slopes  toward 
flie  (iulf  and  the  Atlantic  is  about  2'2  feet  above  tide  and  c.xtcnils 
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south  frfHH  iit-iu'  tlic  (riitcr  line  of  Luke  Okcfchnbco.  The  belt  of 
hnul  :i  <ir  4  nriles  widi-  iirst  iiu'dtioiu'd  iimv  lie  irpinh'<l  as  a  rim  wiiicli 
prevtMits  tlie  ready  IU>\v  of  water  from  tlie  Everf^hnles  southeasterly 
to  the  (leeaii.  XiiiiiiToiis  small  streams  extetid  from  the  edpo  of  the 
glades  proper  throiijrh  this  rim  and  are  the  only  natural  facilities 
for  draining  the  glades. 

TIk'  roek  fonnd  in  this  part  of  the  State  i>  the  coral  lireecia,  whieh 
erops  ont  at  the  surface  over  the  entire  width  of  the  rim  and  is 
coveretl  with  pine  timber  and  i)almetto.  with  the  exception  of  small 
areas  terme<l  *' lnimni<H*ks.'"  which  atv  covered  with  hard-woful  trees. 
Arms  of  the  glade  land  il..")  to  •!  miles  wide  extend  from  the  heail  end 
of  these  small  streams  back  into  the  Eveighides  proper  for  a  distance 
of  '2  or  3  miles,  bordered  by  pine  woods,  bi'yon<l  which  is  the  open 
ex|>anse  known  as  the  ICverglades.  These  lands  are  called  "  ]»rairies  " 
and  are  covered  with  saw  gnis.s.  Two  types  ai'e  best  known,  the 
marl  and  the  sjind  [irairies.  The  s«jil  varies  in  dejttli  from  I  inch 
to  r^'veral  feet  lind  in  all  cas«'s  rests  upon  a  base  of  cural  ntck.  In 
some  instances  the  rock  is  known  as  "  plate  rock,"  which  is  a[»parently 
smooth  and  soli<l.  In  otiier  cases  the  rock  is  filled  with  potholes, 
making  an  irregular  base  njion  which  the  soil  rests.  In  some  |>or- 
tions  of  the  northern  part  of  the  tract  examined  nuick  and  peat  lands 
are  foinid  in  (piite  extended  beds,  but  they  nsnally  thin  out  ami  pass 
into  the  prevailing  marl  formation. 

A  great  deal  of  money  has  l)<?en  expended  in  drainage  works  by 
till-  Florida  East  Coast  Railway  roin])any.  The  operations  of  this 
(■ompany  so  far  have  Iwen  directi'd  t()waril  opening  and  enlarging 
the  mitnral  streams  for  the  pnrj)Ose  of  lowering  the  water  of  the 
arms  of  (he  glades  dnring  the  winter  si»ason.  in  order  to  facilitate 
the  growing  of  winter  vegetables.  This  drainage  has  also  pfrniiltetl 
some  frnit  growers  owrdng  small  detached  tracts  of  glade  land  to  so 
drain  them  that  trees  are  now  snccessfnily  grown. 

The  average  anntiat  rainfall  of  that  jjortion  of  the  State  i«  about  63 
inches.  The  so-called  dry  seastHi  or  [lorlion  of  ihe  year  in  which 
there  is  th<'  least  rainfall  occurs  between  the  months  of  Noveuiber  and 
March,  during  whicii  time  the  normal  piecipitation  is  about  11.;') 
inches,  ranging  from  l.."»  to  "i.."i  inches  pci-  month.  Dnring  this  .season 
jiorlions  of  (he  [U'uirie  lands  ai'e  phinted  (o  vt-getables.  princij>:illy 
louialcK's.  which  are  more  protitabic  foi-  shipping  to  the  niunhern 
market  than  others  and  when  pro{H>rly  fertilized  produce  large 
crops.  The  rcnutitider  of  the  year  these  lands  are  fre(p(enlly  co\ered 
with  water  and  are  largely  abandoned  until  the  opening  of  the  winter 
season,  when  they  are  again  plowed  ami  (ilaiited. 

None  of  tlie  glade  land  [iroper.  as  far  a-  examined,  has  Ikh-ii  so 
drained  as  to  1h'  suitable  for  the  growing  of  lre«*s  ur  of  vegetables 
requiring  the  entire  season,  exwpt  o})enings  which  are  sufficiently 
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Iiipli  to  Ik'  proteote<l  from  tlic  xoliiint-  of  water  of  the  interior,  and^ 
which,  hv  rcii.son  of  their  more  elevtitoil  situation,  have  been  ar 
fi<i;(i!v  (h'ained. 

'riiiTc  are  s«jme  fen  I  hits  of  climate,  soil,  niitl  geological  structii: 
jjeculiar  to  this  section  wliicli  Inne  an  important  Ijearing  upon  tl 
>iic<'i'^s  of  any  fedamnlioii  iii'ojoct  tliat  may  1m>  eonsideretl.      The  s»ii^ 
ImjIIi  the  nuirl  and  tlic  sand,  lacks  those  natural  elements  of  fertilit]| 
commonly   fomid  in  other  low-lyiuf;  lands,  and  requiras  tlie  lilier 
use  of  artificial    fi-rtilizcrs   to    protlnce  either   fruits    or    vo«reta''l«s.' 
The  Miil-water  tahle  may  be  S  t()  -JO  inc-hes  from  the  surface  Avithoul 
injuring  the  growth  of  fruit  trees,  and  it  is  observe<l  that  plants  usi^l 
ally  are  not  as  sensitive  to  a  sndirated  condifion  of  tlu*  soil   as  they 
i>iv  ill  colder  latitudes,  where  chiy  is  a  leading  element  in  the  conij)osi- 
tion  of  the  soil.  ■ 

Tlic  |inrons  and  ahsorWiit  nature  of  fh(>  coral  nn-k  has  nn   inijxir- 
tant  ell'ecl  uixiii  (he  water  prolilems  of  the  country.     It  is  known  thaL 
cavities  exist  in  the  rock  at  vai-ious  depths,  as  shown'by  drilled  well 
which  occasionally  penetrate  reservoirs  of  water  4  to  <>  feet  in  <lei>th, 
It  is  also  noted  hy  trmk   farmers  oeenpying  dearetl  land  iK-ar  the 
coast  that  water  c(»mcs  ii]>on  their  fields  in  some  ca.ses  from  the  under- 
lying r<ick  when  the  water  of  the  glades  is  at  liigh  stages.     It  is  ipiite 
prohalilc  that   this  iipeii   ai1<l    irregular  structure  is  more  strongly 
characteristic  of  the  riui  or  coast  l>elt  than  of  land  nearer  the  ghides 
since  as  we  apjiroach  the  latter  the  j>late  or  solid  rock  seems  to  pre- 
dominate.    This  point,  however,  itiis  not  been  demonstrated  and  is 
one  of  the  undetermined  factors  entering  into  the  drainage  of  this 
])or. ion  of  the  Exerglades. 

The  channels  of  the  streams  which  now  form  the  overflow  outlets 
of  the  inieridr  jirairies  disapi)ear  al  llie  outer  border  of  this  vast 
e.vpanse  at  an  elevation  of  fi  to  l;5  feet  aboi'e  tide.  As  a  ivsult  of 
surveys  nunle  across  the  glmie,  as  l)efor<'  stateil,  it  is  reporteil  that  ^ 
they  have  a  s1o|K'  of  0.8  foot  per  mile  in  a  southeasterly  direction.  ■ 
Should  these  streams  be  deepened,  enlarged,  and  extended  through 
(he  prairies,  a  grade  of  0.4  foot  ]>er  mile  might  possibly  In?  obtained 
tor  the  channels,  part  of  which  would  neces.sarily  be  excavatetl 
(hi-ough  the  rock. 

In  c.ise  on\y  one  chamiel  slioidd  l>i'  made,  it  woidd  tap  the  waters  j 
c.f  the  entire  area  at  flood  time,  but  woidd  afford  no  more  than  flootl  I 
relief,  even  if  the  canal  were  fidly  ample  to  carry  the  water  of  the 
entire  area,  for  the  reason  that  this  e.\[)an.se  is  |>ractically  level,  and  ^ 
the  water  will  not  flow  to  this  channel  iiipidly  enough  to  give  goodfl 
draituige.     This    makes    it    necessary    to   dredge   all    of   the   mitural 
streams  into  or  through  the  ghules  as  far  as  the  divitle  Ix'tween  the 
oa.stern  and  we.stern  .slopes,  which   is  reported  to  be  22  feet  nliovoj 


laL 

lie! 
r-| 

I 
I 


tide 


id  to  lie  in  a  line  extendinjr  south   from  the  center  of  Lake 
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()kwchnl>cp.  For  tlie  reasdiis  almve  tncntioned.  all  of  this  work  iiiiisl 
In-  (Idiif  licfor*'  this  inva  <»f  ii[)|iru.\ii»iiiti'l_v  3..")0n  ^quiuv  mik-s  am  Ije 
(h'siiiK'tl  siifficii'iitly  for  siriuiiuT  ciiltun". 

Till"  jirui-ticatiility  of  draitiinfj:  small  traots  nUoiit  the  hordcr  of  tho 
irlailvs  has  bwii  (k'lnoiistrated  imly  for  the  imxliu'tioii  of  winter  vi'o;c- 
lai)]os.  While  thesi'  areas  may  l)e  s<»niewhat  iiifrensed  and  the  risk 
of  winter  Hoodiiifr  diininished  by  the  iniprovcment  of  natural  ehan- 
iH'ls,  it  will  he  impossiljle  lo  extend  the  iti'ea  of  tliese  lands  for  fruit 
jfrowing  ur  make  the  glades  more  than  temporary  winter  fields  until 
more  etfeetive  drainage  is  provided.  The  (jrohlem  which  eimfronls 
the  investor  and  eultivator  is  not  so  imieh  tiie  iiossiliility  i»f  tiraining 
(he  tract  as  a  whole  as  what  may  he  done  in  tliis  direction  witliin  the 
limit  of  individual  means  to  fit  portions  of  this  land  for  the  produe- 
lioii  of  ero|»s. 

Investigation  of  this  portion  of  the  glades  was  made  with  the  view 
of  asiTrlaining  whether  some  plan  might  not  he  devised  for  reeiaim- 
ing  small  areas.  An  rx]>erimental  [iltni  for  determining  whether  |»or- 
lions  r)f  the  mar!  land  eoulil  not  he  inclosed  by  dikes  to  |)roii>rt  thetn 
from  outside  wat<'r  and  the  interior  lie  kej>t  dry  by  piuuping  was  pro- 
posed and  a  tract  sidected  for  the  experiment,  but  it  ha>  not  \v[  i)een 
put  in  operation. 

The  suc<rss  of  tiiis  metliod  of  drainage  will  depend  u])oii  whether  a 
good  dike  can  be  made  of  the  marl  soil  and  also  whether  the  head  of 
water  fiaek  of  thi'  dike  may  not  force  water  through  the  imderlying 
porous  li'act.-  into  the  inclosed  area  in  greater  )|iunitities  than  can  be 
|)ro(itably  n-moved.  The  plan  merits  a  trial.  Sui'h  a  method  of 
improvement  would  admit  of  gradually  pushing  the  drainage  of  the 
ghides  away  from  the  higher  rock  lands,  leaving  an  overflowed  space 
of  sullicieut  vvidth  to  allow  for  the  pas,-<age  of  the  interior  water.  The 
dikes  would  be  1  feet  high,  and  the  total  lift  of  water  about  0  feet. 

The  economic  advisability  of  such  work  will  depenil  u|)or!  the  vahie 
of  the  product.  The  (jrestige  of  Florida  fi'uit  in  the  nuirket  is  en- 
couraging and  indicates  that  the  State  may  easily  lead  in  the  quality 
of  iiumy  of  her  fruits.  The  value  of  fruit  products  during  the  last 
two  yeais,  as  reliably  reported,  has  In-en  $'J()0  to  $1.(X)()  per  acre,  which 
amount  would  justify  cemsiderable  exjiemliture  for  reclamation 
improvements.  The  expense  of  i)reijsiring  the  I'ock  land  fr)r  trees  is 
not  less  than  $1(H>  [x'r  acre,  while  the  reclamaliim  by  levees,  if  such 
were  found  [iracticahle,  will  not  be  more  than  $50  per  acre,  though 
there  woidil  be  a  ctuitiiuious  expense  for  maintemince.  Shallow 
ilrainage  channels  should  accompany  the  levee  system  to  proviile 
relief  from  flood  water  from  the  glades  and  to  eiirry  off  the  water 
[imnped  from  the  larul  iuclos«'d  Ity  levees. 

A  comlumition  "if  the  two  phuis  will  admit  of  the  gradual  develop- 
ment of  the  glade  lands  as  the  demand  for  their  proilucts  increases. 
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WISCONSIN  HARSH  LANDS. 

It  is  estimated  tlmt  there  are  SOO.IXMI  acres  of  marsh  land  in  AVi- 
consin  which  at  present  have  I  ill  It-  m-  no  vahie.     Much  of  it  is  iiiurk 
or  peat   <Ierive«I    from   the  s[>ha<;iiiiiti   moss,  and   const  it  iitos   a   ohuj 
of  land  soinewimt  ditl'crcnt   from  swanrps  found  elsewheiv,  some 
wliiili  have  bwn  dwiiiied  and  converted  into  productive  farms. 
tlic  rc)|ue>)  of  paitics  interested  in  tlie  improvement   of  li'j  (HX1  act 
of  this  marsli  hiiul  lyiii'r  in  Mui'athon,  ^\'ood,  and  Portago  cuuntie 
iiimI  <)r<rani/.('il  under  the  ntime  of  t!ie  Dancy  drainage*  district,  thi 
Oflice  made  a   [nvlimiruiry  examination   of  the  general    characteris- 
tics of  the  project,  and  also  of  two  siniihir  ones  in  counties  adjoiniiiij. 
A  portion  of  tlie  report  sultmittcd  to  the  district  is  here  given,  whicii 
cmhodics  sncii  <le<hietions  and  si  largest  ions  as  seem  justifie<l  bv  exami^| 
nations  so  fai'  made.  ^B 

The   |)nrpo.-e  of  drainage,  asi(h*  from    its  lienetit   to    the   genenil 
health,  is  to  ])repare  tlic  hnid  ultimately  fur  the  production  i»f  ])r()tit 
alile  <'rops.     'rhcreforc  il   is  (piile  es-st-ntiul   that   a   tract    of   land   In 
ih'ained  with  reference  (o  its  subsefpient  ii.se. 

The  ilrainage  and  niamigeuii-nt  of  peal  lands  have  occni)ied  the 
attention  of  agriculturists  and  engineers  in  England,  S<-otIaiid.^ 
Sweden,  and  otlier  Eurojiean  comiti-ies  for  at  least  one  humlivd 
years.  In  tiiese  countries  they  aie  found  in  areas  of  considerahle^l 
extent.  AMiile  the  origin  and  composition  of  moss  lands  in  different 
localities  vary  wiiicly.  their  general  eharacteristics  with  rt>s|x-ct  to 
drainage  are  <|nitc  sinular.  In  the  first  place,  mo-ss-peat  lands 
have  in  niany  instaiwcs  not  responded  tn  the  ordinary  methods  of 
drainage.  The  K'cretary  oi  the  Orehro  .Vgricidtni'al  .Scx-ietv  of 
Sweden,  in  refciring  to  this  matter,  says  that  there  has  lieen  nior« 
money  wasted  u]>on  the  drainage  of  these  lands  than  upon  any  other 
imiU'oveuumt  attemi((e<l.  It  was  n))t  until  a  new  system  of  drainage 
was  devised  hy  Joseph  P^lkington,  of  England,  ai\d  put  into  i)rRctice 
in  Sweden  hy  (Jeoi'ge  Stephens,  an  Knglisli  engineer,  that  thcsi'  lan<ls 
were  successfully  drained. 

The  practice  of  one  luindred  years  ago  in  flie  treatment  of  these 
lands  should  nctt  he  disi-egarded  at  tltis  time,  siiu-e  the  methods  then 
used  with  success  may  he  imw  aijplied  when  the  character  of  the 
huul  and  conditions  are  similar.  The  nu'lliods  of  drainage  used  by 
Elkingion.  Smith,  .S(e[)hens,  and  nuuiy  i>lher  English  engiiufi's 
w<'re  for  a  (leriod  of  fifty  years  ()r  m<U'e  found  eminently  successful 
where  othei'  methods  had  failed.  The  following  is  a  brief  descrip- 
tion of  them : 

The  water  which  snpjilied  ilie  uuirshes  was  in  almast  every  caso 
found  to  have  its  source  in  outlying  sandy  or  porous  land  occupying 
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hipher  elevations.  Tlie  waler  Howod  ilireeJly  (hroiijjli  tliis  peniioiii)le 
liiycr  into  (he  IowIsukIs,  thus  I'oriiiiHj^  thu  hu^s.  'I'he  rniufiill  upon 
the  bog  land  direct  was  an  insiynilininl  iiiuttcr  ei»ni|>iire(l  with  the 
uiilside  feeders  which  supplied  sueh  laml.  The  rainfnll  itself  was 
luit  snni<'ient  to  proiliicc  tlie  muss  fii-owth  wliii-h  thanu-terized  tho 
land.  These  Wds  of  peat  were  often  20  to  -iO  feet  deep,  lying  upon 
day  or  sandy  Imtloius.  Attenqits  ti»  drain  the  lands  iiy  luunerous 
jmrallel  dilehes  of  ordinary  <Iepths  proved  fnlile,  although  no  •■.\|)ense 
was  spared.  It  was  found  that  the  projter  method  was  to  intercept 
and  cut  olf  (he  sup]dy  of  water  comiufj:  from  the  Idjiher  levels.  This 
was  ilone  l>y  means  of  deeji  dilche>  located  along  ihi'  hordeis  of  the 
marshes  and  jilaceil  at  the  bott()Ui  of  (lie  peat  formation  wherever 
possihli'.  Where  it  was  not  |)ossitilc  to  reach  (he  liottoni  of  the  peat 
the  ditches  were  su|i)>lt'men(e<t  by  wells,  which  wej-e  sunk  below  the 
lK)ttoni  of  the  drains  into  the  water-ln'aring  nniterial  below  the  IhhI  of 
the  marsh.  These  wells  offered  free  How  to  the  water  iMMieath,  ivhieh. 
niipelled  liy  the  heai!  furnished  by  tin-  higher  lamls.  ro.-^e  to  the  le\el 
of  the  drains  and  passed  away.  Otlier  tlitches  were  con.strueted  at 
stmiewhat  wide  interval-  thi'ough  the  inti>rior  of  the  niarsii  for  the 
purpose  of  receiving  the  storm  water  which  it  was  necessary  (o 
remove,  and  also  to  interce])(  any  bodoni  water  that  might  pass 
under  the  outer  drain.s.  In  case  tlu's*-  wells  failed  (o  cut  off  the 
"bottom  water."  as  it  was  calle<i,  wells  were  sind\  at  various  points. 
as  Ixifore  deseriU'd.  Interitir  shallow  surface  ditches  wen'  added  to 
remove  heavy  rainfall,  and  espei-ially  the  water  from  melting  snows 
wliieh  could  not  pass  tlutnigh  the  j^oil  witli  snllicieiit  free<lnni  In 
leave  the  surface  dry. 

The  history  of  this  work,  especially  in  Swedi'n.  a>  given  by  Mr. 
Stephens  in  his  liook  called  "The  rractii-al  Irrigator."  published  in 
1854,  is  instnutive  and  suggestive  to  anyone  engaged  in  tlie  treatment 
of  peat  lands.  The  various  accounts  given  in  the  j>rocwding><  of  the 
Royal  .Agricultural  Society  of  Kngland  and  of  ihi'  Highland  .\gii- 
cultiiral  Society  of  Scotland,  which  include  ])rize  ]ia])ers  upon  the 
I'eclanuition  of  marsh  lands,  form  a  valual)le  com|K'ndiin)i  of  early 
|»ractic<>  and  in<licate  that  the  subject  was  regarded  as  of  great  im- 
portance to  English  and  Se«)ttish  fanners.  We  fin<l.  however,  some- 
Ihingof  a  reaction  in  later  practice  from  the  fact  thai  while  the  zeal 
of  the  early  drainers  was  entirely  exen'iscd  in  uud<ing  thi'  land  dry. 

it  was  soon  found  tluit  its  subseipient  moist ur* ntent  was  a  nnittei- 

of  no  little  im]>ortance.  Mr.  James  .Vndei-son,  a  noted  agricultural 
writer,  in  his  trea(ise  on  peat  moss  irfei-s  (o  the  fact  that  in  many 
cases  the  lands  had  U'ciime  too  dry,  and  in  order  to  nndic  them  pro- 
ductive water  shotdd  Ih>  in  some  way  artificially  provided.  This  is 
very  strikingly  .s«'t  forth  in  the  following  ipiotation,  which  is  given 
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Ix'caiiso  it  nppaiciitly  iTprcstuits  the  close  observation  and  wide  i»x|ii'- 
rieiie*'  of  a  practieiil  man: 

Muss,  wlu'ii  Ihus  roiiutMl  to  n  dond  stnto  lo  .1  sutlioient  ilepth,  is  In  llnir 
diiiigiT  of  ever  bfliiK  too  diiini'.  ihiIchs  tlit;  niiiln  druins  are  i-hoked  up  so  a»  to 
for<-o  tlie  water  to  rl»«>  vpr>'  iiwir  to  or  atiove  the  surfm-e.  Iudee<l.  tf  no  niniiiin- 
tio  Klvon  to  it.  luoss  is  never  e.xtrein»l.v  jirodiietlve  either  of  ^n'lts.s  or  <-orn  (in^ioi 
Uidess  It  lie  l<e|it  iiKMlenitely  nicilsl  jit  iitl  linn's.  The  soil  U  of  Itself  so  liglit  tbiil 
wlien  dry  ir  ceiises  lo  (five  nonrlshiueiit  to  jiny  usi-ful  plant  whatever.  Sw-ti 
dry  moss  siKMil.-inconsly  produces  little  else  tlinii  the  niirrow-leaveil  sunvl 
(Jtiiinrr  (icrtoHrllii),  and  If  piowiil  .'ind  sown  with  <iiils,  tlious^L  tlie  tMirn  (tn'aliii 
aiiiy  spring  up  mid  npiieiir  lienlihy  enotiKli  for  some  time,  yet  wlien  it  g*'ts  inln 
ear  It  lieconies  weiil;  and  soft  in  the  stalk  and  tails  over  and  witliers  tieforv 
there  he  the  siiinllest  mark  of  u  kernel  In  the  Kr:iin.  Thia  disease  Is  well  known 
III  ull  niosH  cuuntrles,  :mu1  ns  It  was  oriclmilly  l>elieve«1  to  lie  oeeasioixHl  liv  witi-li- 
craft.  the  name  still  remiilns,  nnd  it  Is  ciilleil  wlteluHl  corn  iKniln).  If,  on  th<- 
eoufrary.  the  Innil  he  liild  fliit  iind  it  Iw  kept  niodenitely  moist  witlntill  fieinj; 
wet.  It  prociniTS  luxnrhinl  crops  of  excellent  corn  luraln*  nnd  grns.'j,  wliicti 
under  proper  niiiniitienient.  It  iiuiy  he  made  to  affia'd  iilternately   forever  witli- 

oul    iiny    I mi-e    whatever.     Tliis    I    myself   hiive  e.\iierlenee«l    for    iiiur<>    than 

twenty  yeiirs  toKetlier.  so  that  I  reckon  It  one  of  tlie  most  profltiittle  moIIs. 
where  watei'  can  !«■  roiaiuanded  jind  duly  regulated,  tbnt  can  uiiywliore  tie 
found. 

Hnl  where  the  moss  lies  lil;,'li.  and  no  water  can  be  commanded  (very  little 
will  dot,  some  kinds  <if  manure  lire  re<|iilre<l  to  render  this  ti  very  produetlw 
«ill.  (1f  all  the  munures  tluil  hiive  ever  \Mvt)  irletl  ii)Min  mo«H,  no  one  <'an  lie 
eonipai-eil  lo  cnlcariims  matter,  under  whatever  deuominatiou  It  may  be  apiilled. 
whelht-r  lime,  marl,  chiilk,  or  shell  s;iiul. 

No  Itotlom  Is  hetler  for  i\  mossy  soil  tluiii  ipiick  moss,  .nnd  if  there  t»p  nlM)iit 
2  fe<*t  ilwp  of  dead  umss,  which  In  future  I  shall  rail  muss  eiii^li.  >«l><)ve  It,  It 
will  ndinit  of  iK'inj;  pnjperiy  immacfMl  either  for  Kmss  or  eorii  (grain  i  at  all 
times;  for  the  moss  eiirth.  iictliiK  as  a  s|Miiit;e,  allows  the  water  dtiriiiK  sev<»re 
rains  to  sink  shivvly  through  It  to  tla-  surface  of  the  i|ulck  luuss,  so  as  never  to 
render  It.  then,  IfM)  wet.  .\nd  when  the  plants  are  establlshe<l  U|ioii  it  In  the 
spring,  these  hy  their  roots  and  leaves  atlriiet  moisture  Inith  from  aliove  niiil 
Im'Iuw,  si)  as  to  k«-ep  the  surface  mold  in  :i  due  state  for  promoliinr  vei^-t.-iticai. 
Kveii  ilnrUw  the  greatest  ilnnnjhts  in  sinmiier  the  moss  earth  which  li*^  next  lo 
the  quick  mo.s.s  Ih  ke|it  perpetually  moist,  so  that  the  roots  whieb  |ieuetrate 
down  tu  it  tlud  always  ahuachint  niuisture  to  keep  the  surface  moUl  iu  a  proper 
state  for  promolliiK  veijet.itloii. 

I5ut  that  this  effect  may  be  fully  felt,  the  surfare  of  a  mossy  soil  sliould  In- 
laid perfectl.v  Mat  and  ns  .'iiniHtth  and  even  as  |M>sslble.  It  sliould  on  no  ni-eonnt 
be  laid  up  Inlo  ridges,  but  should  be  iilovve<l  Into  broad  lands,  witlioiit  any  oimtm 
furrows  at  all,  or  with  tis  few  us  miiy  lie.  .\m  the  whole  nio.ss  earth  for  2  feet 
deep  Is,  iu  fact,  one  continued  covereil  drain,  not  one  drop  of  hurtful  water  nin 
be  allowed  to  remain  ni«in  the  surfac*'.  but  sinks  <lire<'tly  down  till  It  renebt"!* 
tile  (|iiick  moss,  from  whence  it  readily  will  llnd  Its  way  to  tbe  main  drain  tf 
the  latthitory  oiK-ratlons  shall  have  been  pro|>erly  ronduetwl. 

From  these  consldenitiona.  j)erbii|>s  no  soil  ean  lie  made  so  pro|»er  fbr  Ijelng 
eoiiverteil  Into  waterei!  metidows  .is  mo.<s.  Siipernliundant  moisture  can  be  draineil 
from  moss  land  when  thus  maiuiued  in'rliaps  more  ipjlckly  and  more  thorou«lily 
than  from  any  other  soil,  and  tliis  is  a  circumstance  that  has  lH"en  found  to  Ite 
highly  favorable  to  watered  meadows.  The  only  dlUleulty  In  this  case  for  juis- 
tiire  land  la  the  softness  of  tbe  surface  uf  tbe  moss. 
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Wtieii  (he  Hituatloii  1h  ilr.v  ii  mirritw  iKiriler  of  iiuick  uiobs  shouliJ  1m?  left 
inituucljiil  nil  roiiixl  the  tlelil,  tlirou);!]  wliicli  the  siiuill  <Iriiius  koIii);  liitu  the 
iiniiii  (Irniii  mIuhiUI  \h[sh-,  mul  in  this  |>liife  the  driiltix  oiidht  to  Im-  left  uiifoveretl, 
so  iiH  til  luhiiit  of  beiiiK  stojiiie^I  iii>  lit  |ileiiKure  with  n  little  iinick  luoss.  They 
(niiilit  (liiis  to  Ih-  sto(i|H'(l  lmmc<]iitlel.v  after  sowing  mni  (sriilii)  and  the  water 
to  lie  let  olT  iicciisioiiiiily  only  as  eircunistaiiees  might  imileate." 

It  wus  Intel-  fuiuHl  tfmt  IK)  soils  respond  inoro  reiidily  to  irrigation 
iliiHi  thp^ic  |)eat  lamls  iifter  tlraiiiiijre.  Their  use  in  what  were  ternietl 
"  \viit»T  iiH'inhnvs  "  has  existed  to  tlie  presi'tit  tiiiio.  restiltinjr  in  tlu- 
prmliu'tioii  (y{  liipoe  fTops  of  hay  and  pastiii-e  fj;nisses.  Tiie  matter 
is  strilvitifrly  set  foilli  in  an  old  work,  called  "  Smilli  on  Water  Mead- 
ows, Drainitifr  Pi'at  liofrs.  and  Other  Inii)fovenients."  from  wliich  tiie 
following  «|itota(itm  is  taken  : 

All  live  |ient  Im)P<  lire  <-(iiiii(<)8etl  of  vegetable  suhBtanees  whifh  nbouiid  with 
see<ls  or  roots  of  iiiniiy  ariueiuis  Krasm-s,  foruiiiit;  Iniul  wlileh  Is*  (It  for  IrrlKatloii 
wherever  the  dejiree  of  uioisOire  eaii  he  iii)iir<>|iriate«l.  Hut  If  the  |H\'it  Ih»  entirely 
<)ei)rlv(il  rtt  aW  Mioisliire  itnd  left  i'X|>os»il  to  thi-  sniiuiier  sun  it  Is  then  little 
lietler  than  a  hiirren  suhstanc*'.  The  |ilants  on  Die  snrfiice,  heing  totally  deiiriveil 
of  their  former  siihsistetiee.  cease  to  tfi'ow.  and  llie  vegetable  tnatler  (for  in 
this  ease  there  Is  little  or  no  noil)  U'liij;  unfit  for  the  siipiioi't  of  [limits  suitiil 
to  dry  land,  the  most  i«'rfe<-t  sterility  must  lie  the  eoimequeiii-e.  It  is  well 
known  that  r*at  onee  drlwl  will  not  readily  re<t'lve  uiolstiirp  iiKnln.  and  this 
may  serve  to  aeenunt  for  the  niieomnion  sterility  of  some  peat  bogs  which  I 
have  seen  iilowe<l  U|>  after  <lrainaire. 

Though  these  works  are  all  old,  they  give  experiences  whicli  are 
exlivnitdy  vahiahle,  and  in  l!ie  light  of  later  investigations  suggest 
methotls  of  handling  the  |«'at  lands  with  whicli  we  now  have  to  deal 
in  this  country.  Some  attenti<in  has  already  lieeii  given  to  the  snh- 
jeot  in  tliis  cotintrv,  thfuigh  it  may  he  sjiid  that  the  use  of  jR'at  for 
fuel  and  land  fertilizing  has  formed  the  i)rincipal  subject  of  investi- 
gations. 

About  fifty  years  ago  Prof.  S.  W.  Jolinson.  of  \"ale  University,  took 
np  the  investigation  of  peat  with  reference  to  its  value  ns  a  fertilizer, 
and  for  the  piirpo.s*'  of  obtaining  information  regtirding  the  hn'ation. 
])ecnliari(ies,  and  condition  of  jyeat  beds  issued  a  circidar  containing 
c|iiestions  arranged  to  secure  such  inf4>nnation.  The  answers  to  this 
circular  are  instriic-tive  in  considering  the  (niestion  of  the  use  of  these 
hinds  for  producing  crops,  since  in  many  cases  tlie  landowneis 
dps<'rilx'd  the  drainage  and  the  kind  and  yield  of  crops  [irodnced. 
l''i'om  ihesi-  answers  it  appears  that  Ihc  land  had  proven  profitable 
in  all  case.s  for  the  production  of  hay.  and  in  nniny  cases  for  cabbage. 
onions,  celery,  and  some  other  garden  crops. 

Coining  down  to  more  recent  times,  we  find  that  the  niattei-  lias 
received  atteiilioii  from  the  Pennsylvania  State  KxjH'riment  .Station. 
and  that  a  report  was  issued  in  1895  entitled  "  Some  Pennsylvania 
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Peats."''     In  tliiy  report  !tuah>e.s  of  siiniple.s  from  ditfei'ent  pa 
the  State  are  giveji  mid  the  sani])les  are  discussed  with  refere 
tlieir  vahie  as  fertilizers.     Tlie  ciiltiiiifidii  (if  pi-at  Ix-ds  is  referred  tti^ 
and  we  (piote  (he  foUowiiijr  piirn;xi'ii)>li  rehitiajr  to  that  phase  of  the 
subjoet : 

T<i  uoc-uiii|>ilsli  III)-  triiiisroriiiatliiii  uf  |ient  into  a  sul>stan<-e  roailily  nvniUliI* 
f*ir  plmit  fcKMl  two  iir  tUrt*  very  siuiple  nperutiouH  lire  siilflclout :  Kir«t.  ttM 
IK'iit  must  lie  tliiiriinKlil.v  ;iir«l,  nn  n  <'<iiis<'i|ueu<'e  of  whli-li  tlie  imlsoiioiis  lower 
oxIiIk  of  Iron  ami  suliiliids  will  Im'  recoiivcrte^l  Into  viihi;iMp  plaiiT  fiMMls  f«*o 
end.  If  tlioro  Is  ii  deficiency  of  nitni'nil  luiUter.  osiH-i-iiilly  linip.  Ilie  hitter  nrnat 
lie  added;  tlie  acidity  of  Ilic  orjj.'uiic  nmltiT  Is  tlius  neiilrnlizeil.  tlio  ludpful 
liucterlii  coiiR"  in  and  soon  1ies;in  the  conversion  of  the  inert  iiltrn^en  inta 
iitnujonhiui  ciini|ioniids  iind  siills  of  nitric  acid  cnjiabie  of  sust.niiilii^  tlie  iiitieit 
vl»;(irous  cro|i  di'velopuient  if  otiicr  fssentliil  food  nuiterhiis  Ite  ut  tlie  coiiiuiltuil 
of  ilie  |)liiiil. 

liulk'tiii  No.  ITi  <if  the  Indiana  Stale  Aofrieidtnral  Exix*rinient  St«- 
tiini.  [inhhshetl  in  11103.  treath  of  the  nn|irothiclive  hlaek  soil.s  foiiiiJ 
ill  tlmt   State.     Instanees  are  cited   in  which   the  drainatre   of  tliest; 
lands,  which   are  of  a    [icaty   iinture,  has  failed,  to  wliich    fact   is 
attributed  nmcli  of  the  liitHcnlty  in  makinp  tiiein  prodtictive.      r>niin- 
a|i^  was  attempted  by  the  ordinary  nielhud  of  laying  parnllcl  lines  nf^ 
tile  thriatgh  the  bog.     V\n>i\  e.vsiininalioii,  water  was  found  to  staml 
(i  (ir  more  incheji  above  the  tile.     The  faibire  fif  the  tile  tu  lower  litis, 
water  tid>h'  is  e.xplaiiietl  in  the  Imlletin  iii)on  the  tlieory  that  the  water  , 
would  not  readily  entei-  the  tile  when  laid  in  muck  land.     The  true) 
explanation,  derived  from  descriptions  of  the  conditions  gfiven  in  the 
re|)ort.  is  that  the  upward  pressure  of  the  water  by  reason  of  the  head 
ih-rived   from  outside  the  Inig  is  gn-ater  than   the  weight   of   water' 
abo\-e  the  tile.     It  is  stateil  as  a  conclusion  from  many  of  the  investi- 
gations ma<le  that  the  permanenl  inipro\i'nient  of  such  lands  (leiaaiids 
efficient  drainage  and  that  this  tlraimige  should  tisnally  be  of  n  special  1 
(■haracter.     It  is  further  advisetl  that  In^fore  making  any  otitlay  fori 
llie  permanent    improvemenl   of  such   lands  a    tircliminary   draiiuige 
survey  should  be  made  and  the  system  of  im|iruvcment  should  W 
baseil  upon  the  restdts  of  such  survey. 

The  improvement  of  peat  iind  muck  swamp  lands  in  lUinohs  is  llie 
subject  t)f  Bulletin  No.  l);l  of  the  experiment  station  of  that  State. 
It  deals  jjrincipally  with  fertility  problems.  It  is  concluded,  how- 
ever, that  before  any  system  of  iiujirovement  can  be  sm-cessfid  the  i 
soils  must  be  well  drained.  The  soils  mentioned,  however,  are  of  ■ 
different  origin  from  those  known  as  moss  jients.  They  may  prop-  " 
erly  be  called  grass  peats,  wliick,  though  similar  in  strMctiir<'  and  the 
way  in  which  they  are  affe<'le<l  by  drainage,  are  different  in  cheiiiirall 
ooinjiosition.     In  that  State  thej  are  found  resting  upon  clay,  .soiiic- 
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times  upon  snml.  Tho  trcadiu'iit  nf  murk  luiul?-  upon  a  rlay  fouiula- 
tion  is  iiiuiv  >>iiiiplf  ii>  far  as  (lie  fertility  prnlileiiis  urc  coix/cnuMl, 
from  tli<'  fjut  ihiit  tlu'  day  subsoil,  wlicn  mixed  with  the  nmdc  matc- 
riiil,  has  a  iiiarkt'il  crtVet  on  its  |)Cn(lucti\ciu's~i.  An  iiistaiu-c  of  this 
kind  is  I'ilcd  in  tlu'  (ivatincnt  of  llic  soil  in  the  \'criiiili<in  swamji.  in 
Ford  County,  in  wliidi  tlic  ph>\vin{f  of  the  soil  siillicicnlly  deep  to 
hrinp  some  of  the  i/luy  ^tihsoil  to  tin-  Mirfarc  conviTti'd  a  comparu- 
(ivt'ly  iiiiprodiic'tive  soil  into  one  vvhirh  iirodiirt'd  (iO  hiishcls  of  corn 
lo  the  arrv." 

In  looking;  o\cr  ihc  hislory  of  this  nialtcr  it  s<'*miis  tlvat  work  portain- 
iiiy  to  tliL' R'l-lamalion  of  pt'iit  lands  has  not  ht'i'it  done  in  such  a  way  us 
to  derivi"  definite  conclusions  cunccrninjr  their  productiveness.  Tho 
efforts  of  tiutsi'  wlio  have  hail  ehiu'<cc  of  di'aina<;e  have  Iteeii  diiveted 
lowai'd  <lryiii{j;  the  httid>,  while  (hose  who  have  invoti^ratt'd  with  ref- 
erence to  their  ferlihty  or  use  f<ir  fuel  have  examined  lliem  \\  ith  refer- 
elic)'  t()  tlie<t'  points  alone.  Ill  the  bufletiiis  referred  to  elfortN  have 
iH'cn  directed  toward  ascerlaininj,'  the  fertility  ()f  these  lands  from 
the  standjjoint  of  the  cheini.sl.  'l"he  value  of  five  water  or  of  moisture 
conditions  in  these  soils  as  elements  of  their  proihictiveness  dix's  not 
seem  to  have  Ijeeii  made  llu'  >iil»ject  of  e.\]jerimeiil.  We  learn  from 
the  experience  of  engineers  witli  moss  huids  in  England  and  Swe(U>n 
tliat  they  can  be  made  too  dry,  in  wliich  >tale  they  are  as  valueless  for 
production  a>  when  too  wet.  'I'he  remai'kahle  yiehls  of  gra.-sses 
re])orted  from  these  diained  lands  iifter  iK'ing  irrigated  show  that 
their  proper  water  content  is  of  vital  importance  in  (heir  |»rodnctive- 
ne^s.  It  is  r|niie  i»»ssiljle  thai  this  fealui'e  has  heen  lost  sight  of  in 
hiter  invest igiit ions,  yet  it  is  admitted  hy  all  capahle  of  giving  an 
opinicjn  upon  (hesnhject  that  these  hinds  nmst  1m'  well  drained  hefore 
they  can  lie  Htted  for  the  production  i>f  lan<l  instead  of  water  plants. 

It  is  also  noted,  in  a  study  of  these  nnirshi-s  in  various  coiintriei?, 
that  they  are  as  fret|nently  foimd  resting  ufion  sand  as  upon  clay, 
and  that  there  appears  (o  Ix-  no  nnilerial  dirt'erem-e  in  the  structure  of 
the  two  or  in  their  \Hlue  after  reclamation.  Those  underlaid  with 
clay  are  more  tliflicult  to  drain,  since  the  water  must  he  taken  from 
the  moss  itself  hy  means  of  frefpieiit  and  deeply  laid  underdrains. 
The  clay  hottom  aids  i!i  retaining  needed  inoistuiv  ami.  where  it  can 
he  reached  in  the  cultivation,  forms  an  excellent  uniterial  for  mixing 
with  the  jM'at,  .supplying  in  a  measiiif,  as  it  is  claimed,  the  potash 
fre<|uently  wanting  in  the.si'  lands. 

Through  some  imjuirii^  instituted  hy  the  writer  during  the  season 
of  IIHH  it  was  learne(|  that  the  turf  lands  in  the  valley  of  the  Kanka- 
kee River  in  Indiana,  which  had  l>een  drained,  sutfered  nuire  fiom 
drought  than  ordinary  loam  lands.     Mr.  E.  M.  Pike,  of  Chenoa,  111., 
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who  has  liad  pight  years'  experience  with  a  tract  of  land  in  the  Kan- 
kakee Valley,  near  South  lieiul,  Itul..  (lesfril)i»s  the  soil  us  a  grass  turf 
resting  upon  a  <.Iuy  l>ottom.  After  tile-draining  the  land  with  Hues 
20  roils  apart  lie  Imrned  the  turf,  which  was  13  inches  thick,  anil  in 
ihi-  fall  sowed  tiinolhy  grass  directly  upon  the  surface  without  further 
preparation.  He  raised  a  crop  of  e.xcellent  timothy  hay  the  follow- 
ing season.  ■\Q0  acres  giving  him  400  tons  of  jiay.  lie  has  since  sup- 
plemcntcil  llic  lii"sl  draiiuigc  hy  placing  a  line  of  tile  l)etwet?n  those 
first  laid,  making  the  drains  now  10  rods  apart.  He  ha.s  also  found  it 
necessary  lo  [jlace  tlieni  not  less  than  -1  feet  deep,  as  the  soil,  which  is 
iibiiut  4  feel  thick.  s«'ttk's  uae-half.  In  liis  eight  years'  experience  he 
finds  that  the  turf  is  gi-adually  Ijecoming  more  compact  and  forniiiiff 
what  he  thinks  will  eventually  i>r«pve  a  fiist-class  corn  soil,  though  tip 
lo  the  jireseiit  time  it  has  not  produced  that  crop  succeHsfully.  Tile 
clay  at  the  bottom  gives  a  continuous  supply  of  moisture,  which,  when 
the  soil  has  r'eaclied  its  final  cundition,  will,  he  thiidts,  make  it  exenij)! 
from  the  t'll'ects  of  drought.  lie  expresses  the  ojjinion  that  it  would 
be  iMter,  if  possible,  to  pasture  these  lands  for  a  term  of  years,  until 
they  iK'come  fully  settled  and  the  wild  grasses  have  lieen  completely 
destroyed.  He  has  raised  potatoes  and  all  kinds  of  vegetables  with 
success,  and  continues  to  get  about  1.25  tons  of  hay  per  acre  from  his 
meadow  land. 

In  Hullelin  No.  SO  of  the  Wisconsin  State  Experiment  Station, 
issued  in  1000,  Professor  King  describes  a  largo  number  of  hiboni- 
tory  experiments  made  for  the  piiriioso  of  determining  the  fertility 
of  the  AVisconsin  swamp  lands.  His  experiments  show  that  the 
application  of  lime  does  not  produce  any  improvement.  One  of  his 
experiments  was  made  to  determine  whether  the  difticulty  with  these 
soils  might  not  arise  from  the  presence  of  solul)le  salts  which  might 
lie  washed  out.  After  i)a.ssing  42  inches  of  water  through  a  Siin)]>le 
of  soil  it  was  learned  from  a  <'ul1ure  test  that  its  fertility  had  Immmi 
decreased  in  a  marked  degree,  showing  that  excessive  washing  of  the 
soil  and  removal  of  the  drainage  water  prodticed  an  injurious  rather 
than  a  beneficial  etfeet  upon  the  |iroductiveness  of  the  soil. 

The  experience  of  Mr.  Ingraiuim.  of  IJalx-ock,  Wis.,  as  well  as  of 
other  farmers,  indicates  that  these  lanils  will  grow  tame  grasses  in 
great  luxiu'iance  under  fa\'orable  conditions.  Onions  and  cubhatje 
of  gwKl  <pnility  and  in  large  quantities  have  been  grown,  but  the  land 
thus  far  cultivated  for  these  puri)oses  seems  unaccoiuitaldy  fickle  in 
its  JM'havior.  and  the  factors  controlling  its  peculiar  productive  prop- 
erties are  not  yet  understood. 

With  these  i)reliminary  notes,  we  may  now  take  up  the  discussion 
of  the  problems  to  be  considered  in  the  drainage  of  the  S'i.OOO  acres  of 
land  included  in  the  Dancy  draiiuige  district.     AVhile  there  mav  U- 
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some  day  and  lonin  soil  iKn-derinp  t!u'  strcitm  and  tit  the  lower  parts 
<pf  Hour  and  Howe  crcoks,  wv  may  ivgiirtl  tin*  I'litiro  aiva  «>  u  moss 
l)eal  til-  nuirk  swamp  rt'stinji  ii|H>n  a  sand  Ixrttoni,  the  thickness  of  the 
^•(jjretiiliU"  fiinnatiiin  Ix^inp  4  to  '">  ftH't.  ThL'  siirvfy  shows  that  the 
liasin  ini-lniled  in  this  distrii-t  rcceivos  tln'  drainafr*"  <>f  \'l'2Sr20  acrt-s 
of  outside  laiul.  The  liplit  fall  of  the  main  stream — less  than  <5  inches 
per  mile — and  l!ie  modifications  made  in  its  channel  to  Ht  it  for  slack- 
water  lci>;  (loatiiiff  prodnce  coiiditidiis  most  fa\<prulile  to  the  [terina- 
nence  of  the  swainj).  The  Weatlier  Riirean  records  show  that  the 
animal  precipitation  is  almnt  :W  indies,  reasi)nal)ly  we!!  distrihiitod. 
The  large  siuiwtall  and  conse(|nent  spring  niii-f>tf  produc(>  JIimkIs 
wliich  do  not  dejiend  for  their  voliinve  upon  the  immediate  precijiita- 
tion.  hilt  often  iiijon  local  <'onditions  of  temperature,  which  require 
that  tlie  main  drainage  dilcli  have  ample  cajiacity.  I'he  main  chan- 
nels shown  on  the  eng^ineer's  plans  are  designed  to  remove  one-foiirtli 
inch  in  depth  of  water  in  twenty-four  lioiir.s  from  their  resp<'ctive 
watersheds.  These  are  none  too  large  for  the  work  which  will  Ik) 
re<]uire(l  of  them  during  the  s|iring  montlis.  I'lidcr  llie  con<litious 
of  a  northern  climate  the  run-olf  will  he  as  great  from  peat  and  nnick 
lands  as  finun  surfaces  of  any  other  character.  Tlie  (juantily  lo  lie 
removed  during  tlie  growing  season,  however,  will  he  greatly  modified 
hy  alisorption  and  the  peculiar  physical  structure  of  the  soil.  It  is 
exjiected  that  the  drainage  of  the  entire  area  will  he  accomplished 
by  lowering  the  water  table  of  the  sand  snfliciently  to  permit  the  sur- 
plus water  contained  in  the  muck  to  ]:)ass  directly  downward  into  the 
sand,  the  latter,  when  <lrained,  atl'ordiug  the  best  pussiiile  luulerdrain- 
iige  to  the  muck. 

The  facility  with  which  water  amy  he  expected  to  pass  laterally 
through  the  sand  to  the  ditches  is  somewhat  juohlematiral,  l)Ut  frcjm 
ol>servations  made  in  other  hx-alities  it  is  probable  tliiit  ditches  .'J 
feet  in  the  sand  will  afford  i-easonahly  free  drainage  for  land  one- 
half  mile  tlistaiit.  The  extension  of  the  lateral  system  farther  than 
is  luiw  indicated  in  the  plan  is  not  advised,  except  in  one  resiHJct, 
iind  that  is  this:  It  will  Iw  found  that  tin-  supply  of  underground 
water  will  seep  into  the  busiii  at  the  Itase  of  all  the  ridges  and  will  kt-i'p 
the  muck  wet,  which  ciHidition  the  interior  ditches  will  not  materially 
relieve.  An  intercepting  ditch  e(nislrucled  parallel  with  the  bases 
of  the  ridges  and  connecting  with  the  most  coinetiient  lalei'als  or 
with  the  main  channels  will  probably  lie  required.  It  may  not  be 
practicable  in  every  cas<'  to  excavate  inlerce]iting  ditche^^  sufTtciently 
deep  to  reach  the  sand,  in  which  cases  they  may  be  Mipplemeiited 
by  Ix)x-ctirl)ed  wells  at  various  points,  their  hx'ation  being  governed 
by  the  contour  and  slope  of  the  outlying  land.  These  wells  should 
U'  .sunk  ;J  lo  4  feel  into  the  .sand  and  be  connected  with  the  ditches 
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at  their  giaile  lines.  'J'liis  iitelluul  lias  j)ioven  successful  in  ilie  AVm 
in 'relieviiifr  land  of  seep  nml  spring  water  resulting  from  irrigratioji 
at  liifrlu'i-  levels,  anil  is  praclically  the  same  method  at  oiie  time  us<ii 
in  Eiiroj>e  and  deseriUed  in  the  preceding  pages. 

Another   addition   lo   the   ])lans  of   the  engineer    may    in    time  U- 
f(Knid  neeessary.     While  the  ivinoval  of  the  floods  of  spring  and  jKk-- 
sii)le  liea\'v  downpours  hy  means  of  the  large  ditt-hes  and   hy  inider- 
<lraiiiing  tiie  himl,  whieh  can  !»'  aeeoui|)lished  throngh   the  niediiiiii 
of  the  liottoni  sand,  will  he  necessary,  it  may  Ik?  just  as  iniportant 
to  suliirrigate  the  niiick  land  hy  holding  hack  the  wator  rf>ntaine<l 
in  the  san<l  so  thai   it   may  he  kept  in  contact  with   an<l    fe<od   thf 
nnii'k  soil  during  the  summer  si-ason.     When  we  drain  stiils  contain- 
iiig  lontn  and  clay  Ave  rely   upon  the  power  of  such   soils    to   retain 
capillary   nioistitre   in   suHicient   quantities  (o    feed    vegetation    whou 
the  moisture   from   rainfall   direct    is  insnthcieiit.     The    lands    uiuler 
consideration  lack  ttiis  property  and  must  rely  fuv  tlieir  supply-  upon 
the   free  Water  carried   hy  the  sand.     Tlie  i-omiilete  remox'al   of  the 
surplus  water  at  first  will  pei'niif  air,  lieal,  and  frost  to  arntdiorutc 
the  I'aw  condition  of  the  |)ai'tially  decayed  vegetation,  l>iit    later  the 
soil  must  he  kept  coustnnily  moist,  especially  in  its  lower   horizon. 
in  orclcr  that  the  process  may  lie  coulimied  and  tluit  (lie  ]>lants  inav 
have  sudicient  moisture.     That  is,  the  soil  should  always  1k»  «lry  »«i 
fo|)  hut   uioisi   1)(>I((W.     Much  more  water  is  required  to  secure   this 
coiulition    in   tiu'f  stiils  than    in    hmms   or   days.     To   regulate    tlii- 
moistm'e  su]>ply,  it  is  suggested  that  all  of  the  lateral  ditches  l)e  pro- 
vided with  adjnstahle  gates  or  dams  hy  means  of  which  the  tlow  may 
he  retarded  or  stopped  and  the  water  raised  or  lowered  at  the  will 
of  the  cultivatta-  until   the  required  state  of  moisture  is  ohtained. 
It  is  prohahle  that  no  such  devices  will  he  reipiired  in  the  large  nuiiu 
channel  or  two  creek  ditches,  hiit  nuiy  Ih'  in  all  of  the  othei"^.     In 
this  connection  it  should  he  oljserved  that  it  is  difli<'ult  to  drain  sonic 
UHick  soils  in  certain  stages  of  their  deconijjosilion,  as  they   ivtain 
water  against  gravity  with  great  temicily,  hut  the  ahility  to  regulate 
the  level  of  the  water  tahle  will  he  de-iirahle  in  the  management  of  the 
ligliter  forms  of  turf. 

Keeping  in  mind  the  results  of  examinations  thus  far  made  and 
information  gathered  from  various  sources  concerning  rlrainage  and 
maiuigement  of  turf  hinds,  the  following  condensed  outline  of  pro- 
cedure for  their  reclamation  is  suggested: 

(1)  Construct  the  system  as  represented  upon  the  engineer's  plains 
adding  (he  intercepting  drains  bordering  the  uuirshes,  where  tliought 
necessary,  in  the  manner  previously  descrihed.  The  lateral  ditches 
should  reach  not  h'ss  than  2.5  feet  into  the  sand.  All  ditches  .should 
ha\c  their  waste  Imidcs  deposited  in  .such  a  way  that  a  clear  lx>rni  uf 
10  feel   will  he  secured. 
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(2)  At  (lie  end  nf  thi'  Hrst  yosir  iiftcr  i-oinplctiuii  tif  tlip  ditcli  sys- 
tem umkf  provision  fut-  n'jriiliitiiijr  the  wutvr  in  tlu'  liitiTal  ililL-lu>s 
during  tht*  suninicr,  as  sufrffostcd. 

{■^)  Provide  sliidluw  Held  dilelies  to  lend  spritiir  llixn)  water  into 
tile  liitera!  dislfiel   ditelies. 

(4)  Keiuove  tile  moss  turf  by  hiirninp;  when  tlie  land  contains  sucli 
nil  amount  of  moisture  tlial  tlie  liurnin*;  process  will  not  reacii  det'per 
liiiin  desii'ed,  after  vvlii<'li  sow  tlie  jjrass. 

(r»)  In  all  sul)s<»qiient  inanagi'ineiit  give  careful  attenlicm  ii>  (nois- 
tiii'e  conditions,  iis  il  is  itejieved  tlmt  lliis  is  im|)orlant  in  frellinfr  <'rops 
fr-(im  tliesc  lands.  Suhseipieni  treatment  will)  Koili  fnriii  anil  com- 
mercial fertilizers  may  l»e  found  valualde.  and  expcT-iiuents  slioidd  l>e 
made  witli  them,  but  the  eitir-iency  of  natureV  ordinary  means  of  soil 
)ni|)r'ovenienl  should  he  tried  lirsl,  foi-  they  will  in  any  event  Im- 
re<]uir<'d  us  a  [)ivliuiiuary  to  any  more  complete  Irealmeut. 

It  is  jienenilly  conceded  tiint  hinds  of  this  eliiiracler  will  s<>ttle  "lO 
per  cent  after  the  moss  or  lop  turf  has  heen  removed.  'I'his  will  tid<t" 
place  gi-adually  as  t!ie  turf  liecomes  changed  into  uiuck.  -o  that  lln' 
>|>ace  between  the  >^ui'fa<'e  of  IIh'  ground  and  the  bolloui  sand  will 
dimiiHsh  fnau  year  to  year  until  the  muck  soil  a»nmes  a  jiractic'ally 
stable  eiinditioii.  This  suggests  liml  the  <piautily  of  soil  water 
required  may  be  dei'reas«'d  as  the  pi'ocess  of  decay  ami  coMsei[ueut 
settling  of  the  turf  giws  on. 

There  may  be  ditferences  in  ilie  mechanical  niake-up  and  chemical 
cbaracti-r  of  several  of  the  swamp  tracts  in  .Marathon.  Wood,  and 
Portage  counties,  bul  where  lliey  are  undei'lain  wilh  sand  the  drainage 
treatment  of  eaeh  slumld  be  similar,  with  possibly  the  exception  of  a 
few  details.  liy  reference  to  Ihe  geology  of  ihe  State  il  is  seen  tlint 
tln'  section  covered  by  the  Dancy  marsh  was  not  glaciateil.  It  belongs 
to  that  area  found  in  the  middle  of  the  glacial  drift  of  the  State 
wliicli  for  some  cause,  variously  explained  by  geologists,  was  passed 
r.i'ouud  by  the  lobes  of  the  glaciei-s  which  moved  southwesterly  over 
the  Stale  and  was  left  like  an  island  in  a  s«'a  of  ice.  The  [irevailing 
rock  is  granite.  iVoiii  which  the  sand  underneath  the  marsh  appi'ars 
to  have  Iweu  dei'ived.  It  i^  possible  that  this  sand,  when  expose<l  to 
the  weatiier  in  (he  form  of  a  lop  dressing  for  the  min-k.  may  iR-come 
valuable  as  a  fertilizer  by  i-easou  of  the  fi'liNjiar  il  contains.  Tin- 
•(iieslion  whether  or  nol  feld>]>a!'  hiis  been  disstdved  by  the  watei- 
in  which  it  has  lain  so  long  ha^  a  dire<!t  bearing  upon  its  value  in  ibis 
i-espect  and  merits  inM'>tigation. 

It  may  !m'  here  obser\ed  that  the  amount  of  moiMnre  ri'ipiireil  by 
ditferent  soils  for  niaxinium  crop  production  has  not  i-eceiv<'d  mkIi 
attention  from  investigators  as  the  importance  of  the  subject  ih'serves. 
It  is  known  that  a  sandy  soil  containing  S  jiei-  <'ent  of  moisture  will 
often  produce  good  vegetable  growth,  while  a  clay   loam  recpiires 
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20  to  27  p^T  cent  of  moist iirp  to  prptliict"  the  l»est  ri>sults.  Some  s)il.- 
npparently  moist  will  not  readilv  givi-  uj>  tht-ir  water  content  tn 
plant.s.  Peat  ami  muck  soils  ha\'o  a  lai-jre  i'a])aoitv  fur  water,  vH 
some  of  tlu'in,  owiiijf  to  their  oix>ii  ytnieture,  yield  it  up  nibi«Uv 
when  exjjosod  to  dry  atinospherii*  conditions,  wliile  others  rvtain  il 
witli  ;rreal  teiincitv.  The  conversion  of  |>eat  formations  into  nniok. 
their  sncceedinji  stajjfe,  is  iiceomplished  niosl  rapitllv  tlirou£rh  the 
a^ncies  of  air,  heat,  and  moisture.  They  nuist  lie  «leprivetl  of  siu-Ji 
water  as  will  How  l)y  frrnvily,  yet.  hy  reason  of  tlie  open  nature  of 
llie  niuteriiil.  lupillary  water  will  Ix-  most  rapidly  removed  bv 
air.  which  will  till  every  space  not  otherwise  occiipio<I.  For  thU 
reason  larfre  e\a|>c)niliiin  luUt-s  place,  |iriHhicin<;  a  li>w  tetnperaturt 
in  such  soils  unlil  (lity  Immouic  covered  with  a  coat  of  well  ileeom- 
pose<l  and  finely  divided  s<»il.  SiHH'ial  investigations  ulon^  this 
line  woidd  he  of  jrreat  service  It)  thos«'  who  contemplate  the  reelamn- 
lion  of  i>oat  niarsiies.  Draiuafie  ami  ff'rtility  are  coordinate  iirolv 
lems,  which  should  he  investigated  in  (he  field  na  well  as  in  the 
lalxiratury,  the  soliitinn  of  wiiicli  will  have  an  important  l»earing 
upon  the  rccluniulioM  and  devel(>[iiiu'iit  of  the  Wisconsin  niarshes. 

HILLSIDE  EROSION  OF  FA£H  LAITSS. 

The  surface  washing  of  hillsides  in  the  Southern  States  results 
in  gieat  loss  to  farmers  by  de|)leting  lln'  fertility  of  the  eidtivattHl 
hind,  not  iiifre([MentIy  ciiitsing  the  ahumluiinient  of  entiiv  fields  t>i 
hi'ier.-;  and  l>r<MHii  gniss.  The  terrace  system  which  is  conunonlv  em- 
jdoyetl  lo  prevent  wasliing  consists  of  a  series  of  small  rid^-s  cun- 
slrucled  across  the  slope  on  c<nit(iin'  lines  at  intervals  tlie  width  of 
\vhich  dejM-nds  upon  the  degi-ee  of  the  surface  slope.  These  ridges 
are  sttuietinies  placed  as  close  together  as  20  feet.  As  the  ridg^'s  arc 
at  least  4  feet  iti  wiiith,  1(>  ])er  cent  of  the  land  i.s  thus  occupied.  It 
is  not  uncoinmun  to  find  entire  fields  terraced  at  lOO-font  intervals. 
in  which  cases  4  per  i-ent  of  the  land  is  occupied  hy  the  ridges.  The 
(vl)ject  of  (heir  construction  is  to  retain  the  rainfall  until  it  can  itai» 
mio  (he  s<)il  hy  slow  [R'rcolati()n.  In  some  cases  the  trench  on  the 
ir[)per  side  of  tlie  terrace  is  given  a  gentle  grade  for  the  ])nrpose  of 
leading  the  wati'r  to  some  point  where  it  can  Ite  taken  to  the  stream 
at  the  f(K>l  of  the  s1o]k'.  The  ridges  serve  as  a  series  of  small  dani.s 
which,  when  (liey  hri-ak,  as  they  fre«iuently  do,  cause  the  water  to  wash 
away  considerahle  soil,  and  break  one  or  more  of  the  terraces  below. 
Such  breaks  often  o]>en  out  washes  during  a  single  rainstorm,  which 
are  costly  to  re[>uir  ami  which,  if  neglected,  seriously  injure  (he  tield. 
The  permeability  of  hill-land  soil  to  water  varies  gi'eatly.  as  d<K»s  the 
slofie  and  contour  of  the  surface.  Farmers  usually  vary  but  little 
their  jiracticc  of  terracing,  applving  the  same  system  of  construction 
to;dl  hill  htmls. 
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From  siniie  stiulies  nf  tlu'  iliHVrciit  situiUiujis  iiml  flost  oliscrviitions 
upon  tlio  bt'liaviiir  of  ti-rniffd  liills  it  ih  l3*>lieve(l  tliat  thfre  is  much 
loom  for  tlie  cxiTfisi'  of  skill  in  iuiaiitiiig  vurioiis  means  to  their 
im|)r(ivcmeiit.  It  is  desinililf  lo  roiisi'rv*.'  a  gum\  portion  of  the 
rainfall  in  tlie  subsoil,  and  to  utrtjuiplish  tliis  its  rcuioviil  should  be 
lis  slow  as  practicaldi'.  A  special  ctTorl  should  Ik.-  diri'dod  toward 
preventing  its  coneentralion  in  depr.-ssiuns  which  ari'  found  on  the 
liillside.s,  as  this  causes  jjulties  to  In-  fornuMl,  wliich  will  increase  in 
size  and  destrnctiveness  with  every  i-onsiderable  rainfall. 

An  improvement  in  the  layin<i  out  of  terraces  is  suijffrcsted  and  prac- 
ticed by  Hon.  L.  (i.  Hardniau  on  his  farms  in  Jackson  County,  fta. 
Instead  of  a  ridge  or  dike  being  made  for  the  retentio?i  of  the  surfacts 
water,  the  teiTace  is  nnide  level  aiut  seeded  to  meadow  grass,  which  is 


C&J   SanHend  Ditch  Terrace. 


fb)  Lei^ef  l^rrece. 


^^^^^f*oiMing  seepage. 


(c)    C/n(ferdrd/n  end  no  lerrece. 

Fig.  121.— Method  of  protecting  cultlvntcd  billKidcs  trom  erosion. 

mowed  for  hay  each  season.  The  effect  of  a  terrace  of  this  kind  is 
to  chei'k  the  flow  of  water  and  cause  such  part  of  it  as  is  not  absorlx'd 
by  the  soil  to  pass  to  the  next  tier  of  land  without  concentration.  The 
glowing  grass  in  snnimer  and  its  stubble  in  winter  serve  to  arrest  the 
soil  matter  suspended  in  the  water.  The  location  of  such  terraces 
may  1h'  easily  changed,  so  that  land  at  one  time  occupied  by  a  terrace 
may  suljseipiently  W  cultivated. 

It  was  noted  in  the  re|)ort  of  ilrainage  investigations  for  1003 "  that 
un  experiment  was  made  on  hillside  Imid  in  .lackson  (.'nunty.  (Ja.,  to 
te.st  the  efficiency  of  tile  drains  for  preventing  the  erosion  of  ihc  land, 
and  thus  doing  away  with  terraws  altogether.  These  drains  have 
Iwcn  in  ojM'ration  two  years.  Two  crops  have  l>een  produced  and  the 
land  is  now  seeded  to  the  third.     A  |K»rtion  of  a  field  having  an 
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average  slojje  of  one  foot  in  ten,  which  had  \ieexi  nbaudotus]  U-.  i  ,- 
of  ©xoeAsivp  erosi<»n.  was  selpctetl,  and  drain  lines  were  laid  out  amJ 
the  drains  const rncted  in  tlie  spring  of  1S)03  ui-conling:  to  tli- 
shown  in  ligiiri-s  IJl  and  122.     The  soil  is  rvd  sandy  louni  <t\  _ 
depth,  with  firm  clay  subsoil  containing  scattering  gravel  stcHies.    Ii 
is  nuich  more  pfrmealile  to  water  than  hills  made  up  of  lig^ht-r..' 

("lay  material, 
condition     is     fnvur- 
aide  to  treatment  liy 
underdrainagi*. 

It  had  lieen  oIk 
served  that  seepasi" 
water  api)eur»'d  in 
small  quantities  tt 
points  part  wgy 
down  the  sIojh',  caus- 
ing the  earth  to  sof- 
ten and  reaflily  yield 
to  the  eroding  action 
of  surface  water  m 
it  (lowed  down  i.ht 
iiill.  Ditches  soon 
resulted,  which  galh- 
ered  the  water  in 
greater  quantities 
than  coidd  be  con- 
trolleil  l)v  the  ordi- 
Uiuy  niethixls  em- 
ployed. In  tin-  ex- 
periment descrilxfl 
nnderdrains  were 
placed  at  points 
wlicre  seepage  water 
appeai-ed     to     inier- 

Fio.  122.— I'lmi  vt  iinUcnlralns  lor  Uwirgia  hillnide  experimeut.        ™,rit      fhp      -n-    t  f 

perrnlatinn  and  tliiis  preserve  the  firmness  of  the  siu'face  st)il,     The 
drains  do  not  conduct  all  the  water  away  from  the  land,  hut  pernut 
an  niuflow  through  the  joints  of  the  drains  into  the  siihst>il  in  case 
has  siiifii'icnt  p<jrosily  to  rcM-eivc  it.    The  drain-;  thus  assist  not  oidv  ii^ 
arresting  (lie  surface  water.  Imt  distribute  mid  ci)ns«*rve  it  in  the  sub^ 
soil.     To  accomplish  this  cud  it  is  desirable  to  lay  the  drains  on 
conij>iirati\cly  light  gisulc.  (hough  that  must  he  largely  dependen 
upon  (lie  coiitoiH'  of  (he  hual  treated. 

The  cost  of  the  improvement  untler  tliis  experiment  was  $10 
aciv  for  the  land   regained,     The  liigh  price  of  drain  tile,  4-incfi 
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<'Ostiiijj$-ll  per  1.000  fi'et,  iiiiuk*  tlie  work  tiioro  expensive  tlian  similiir 
ilrjiiiiii^<^  should  Ite  ordiiiiuily.  The  jyross  receiptN  nf  either  of  the 
two  crops  ijrotliHvd  frmii  the  laml  previously  iibaiuloued  would  pay 
tlie  cost  of  the  im[ir<ivenietit. 

It  is  iiere  siip-jLniesteii  that  iindcrdrains  judiciously  located  in  such 
soils  or  the  use  of  level  terraoes  where  the  former  [)l!iii  i-in  not  he 
readily  ciTijiloved  jri-eatly  fiicilitate  the  cultivation  of  hill  lands  mnl 
increase  tlie  crop  aiea  of  each  Held  so  treated.  Four  to  lii  per  cent  of 
the  hind  can  often  be  saved  for  cropjiing  purposes,  besides  the  antnnd 
<'Xpeiise  of  cuttinjf  (iie  l>riei'>i  and  jri'ass  which  grow  luxuriantly  on  llie 
terrace  lines.  The  level  system  permits  tiie  terraces  to  U-  usi'd  for 
hay  and  tfu-  product  will  fully  pay  for  their  care.  It  is  not  hei-e  urged 
(hat  (ernices  laay  U'  abolished,  but  that  iiinlerdrains  may  f rtHjuoutly 
!>e  emiiloved  in  lieu  of  iheni,  that  thev  will  conspne  the  moisture  of 
hill  soil,  and  at  the  same  time  prevent  the  formation  of  surface 
washes?  Wien  abandoned  hillside  land  can  Ix'  restored  to  priMlueing 
lields  at  a  cost  of  $7  to  $10  an  aci-e,  it  is  an  im])rovement  that  will 
commend  itself  to  the  owners  of  such  fieUls.  Too  j^ri'eat  care  can  nut 
he  taken  to  adapt  snch  improvements  to  the  soil  and  surfai'e  >,lo|)es. 
Subseipu'iit  cultivation  should  as  far  as  [lo.ssihle  till  up  ditches,  and 
depressions  that  would  serve  to  collect  the  surface  few. 

INDIANA  TILE  DRAINAGE. 

For  the  purpose  of  ascertaining  the  [u-oeess  by  which  the  tile  drain- 
age of  nutny  farms  iu  the  u[)iH'r  Wal>ash  V'alley  has  l)een  develoj>ed, 
a  few  farms  in  Madisem,  Miami.  Howard,  and  Tipton  counties  have 
been  exaniined.  and  such  information  as  coidd  be  obtained  is  herewitli 
given.  Some  of  the  details  were  ccdlected  i»y  local  surveyors  who 
wen:'  familiar  with  draina<;e  methods  and  were  in  some  instances  sup- 
plemented by  the  \i.sits  of  our  regulur  lield  a.ssistant.  As  might  be 
expected,  much  of  the  work  desorilKHl  has  been  iloue  in  a  ha])hazard 
manner,  yet  along  lines  which  have  in  the  end  si'cui-cd  fairly  satis- 
factory results. 

MADISON  COTTNTY. 

T1»e  swamp  lands  of  this  county,  when  first  occupied,  had  little 
value  except  for  the  tine  growth  of  timber  which  covereil  them.  The 
first  occupants  began  to  drain  them  by  removing  the  uH<Iergrowth, 
fallen  trws,  and  other  obstacles  which  were  found  along  the  natural 
depressions,  thus  obtaining  some  relii'f  fi'om  overflow.  In  sulnetpient 
work  it  was  not  niicominon  for  the  settler  to  us<'  a  snnill  section  of  a 
tree  from  which  the  heavy  limits  had  been  removed  to  wilhin  (>  or  8 
inches  of  the  main  trunk  and.  attaching  a  team,  drag  il  through  the 
opening  previously  cleared,  and  so  deepen  and  eidarge  the  draimige 
course.    These  channels  were  afterwards  gradually   deepened   and 
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widened,  ranging  from  4  U)  C<  feet  in  depth  nrul  12  to  20  feet  wiiW  i« 
top.  and  eventually  became  the  main  outlets  for  clrainape  systems, 

Undordriiiiiage  \va^^  l)cguii  and  carried  out  along  tho  lines  fii-st  iiiadr 
for  open  <irains.  the  fanner  folliiwing  tlie  ineanderin^  of  slight  (i«- 
pressions  and  later  making  liraneh  ditches  to  part«  of  Behis  wliJdi 
most  needed  draining.  As  his  circumstaneos  or  oj)j)ortunitv  ptt 
niitted.  hraneii  drains  were  laid  from  time  to  time  thriMitrii  the  l<>wt^( 
ground,  so  we  find  very  few  instances  in  Madison  Coiuitv  whm 
drains  have  been  placed  at  ivgular  intervals. 

Some  of  the  lirst  underdrainage  was  accomplished  by  *"  timber 
ditches."  which  were  made  i»y  digging  trenches  1  to  2  feet  wide,  io 
which  timlH-r  i'>  to  s  inches  wide  was  placed  on  each  .side  and  coven-d 
by  slabs.  Hsually  rive<l  from  elm  trees,  laid  crosswise,  and  then  the 
earth  backfilled  over  them.  This  made  an  nnderdruin  0  to  8  inchw 
deep  and  s  to  20  inches  wide.  Siicli  (hains  are  reported  to  have  don* 
good  service  and  lasted  many  years. 

Xo  nuiterial  advancement  in  the  dj'ainage  of  swamp  lands  was  oud« 
until  drain  tile  came  into  general  u.si".  .\  description  of  th«-  drniiui"? 
of  a  few  of  the  farms  will  give  un  insight  into  the  cluiracter  of  the 
improvement,  the  present  location  of  the  drains,  and  the  results  which 
may  be  attributed  to  the  drainage  of  the  area  iiwolved. 
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This  is  a  farm  of  80  acres  situated  4  miles  we.st  and  2.5  miles  nort 
of  .Sunuuitville.  Its  surface  is  (juitf  level,  there  Ix'ing  no  more  than 
3  or  4  feet  difference  in  the  extremes  of  elevation.  The  soil  is  made 
up  of  about  (■>  or  S  inches  of  vegetable  mold,  wliich  is  quite  [>errneable 
to  water,  below  which  is  a  stratiuii  of  bluish  clay  which.  lK>fore  Ijeing 
underdrained.  is  close  and  tenacious  and  through  which  water  per- 
colate slowly.  It  is  seriously  injured  if  cidtivated  while  wet  and 
re<|iiire.--  some  time  and  subsi'i|ueiit  trcatuienl  lo  restore  it  to  its  best 
condition.  .Vfter  lx>ing  drained,  however,  the  subsoil  becomes  quite 
permeable  an<l,  with  cultivation  sullicieiilly  dee])  to  mi.t  the  subsoil 
with  (he  -lU'face.  it  becomes  \ery  productive. 

The  Hrst  eli'ort  toward  (lie  drainage  of  this  farm  was  to  con.strnct 
au  open  drain  diagonally  across  tlu'  north  half  of  the  tract  .3  feet  in 
deiitli  and  H)  feet  wide  on  the  lop  (tig.  1"J3).  Tributary  drain.s 
of  5  and  fi  inch  tile,  laid  approximately  20  rods  apart,  were  discharged 
into  (bis  ditcli.  Lateral  Ijrauches  of  4-inch  tile  were  used  to  complete 
the  drainage.  The  sizes  of  tile  used  were  suggested  to  the  ownor  bv 
observation  and  experience  in  draining  other  lands. 

No  records  were  kept  of  llu-  work,  and  infornuition  only  appro.vi- 
nnitely  correct  can  be  obtained.  No  survey  was  nuide,  the  tile  InMng 
laid  by  water  level  alrant  30  inches  deep  upon  grades  approximatelv 
0.1  to  0.2  foot  per  100  feet.     Ditches  were  dug  by  hand  and  the  bot- 
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toms  were  finishwl  with  the  draw  scoop.  The  dniiiiage  on  this  farm 
W!is  (lone  when  hilior  was  cheap,  so  that  the  cost  for  trenching  and 
laying  was  15  to  20  cents  per  rod,  and  tile  were  at  least  25  per  cent 
less  Ihiin  list  jtrices  now  quoted  by  factories.  It  is  noted  that  the 
quality  of  the  crops 

was     greatly     ini ^^^ 3L 

pi'oved  anil  the 
quantity  alKuit  dou- 
bled; also  that  ma- 
la r  i  a  1  diseases, 
wliich  were  very 
prevalent  b  e  f  o  r  e 
drainage,  have  en- 
tirely disa])|)eared. 
The  owner  suggests 
(liat  better  results 
would  havelHX'u  ob- 
tained by  making 
the  drains  dee|K'r 
and  laying  the  lat- 
erals not  over  10 
r  (1  d  s  apart.  TJie 
land  was  purchased 
in  1882  at  $18,125 
p  e  r  acre.  After 
draining,  as  de- 
scribed, and  one 
crop  iM'ing  raised 
the  land  was  rateil 
at  $;i5  per  acre,  or 
about  double  the 
origituil  cost. 

The  open  tl  itches 
lil-s(  used  as  outlets 
for  the  drainage  of 
this  farm  had  sliglit 
fall.  |)erlia[>s  not 
grealcr  than  O.OH 
foot  per  100  feet. 
Tlie  water  (lowed 
with    sluggish    cur- 


Flu.  IZi.— tlllKwortb  bim. 
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rent  and  the  channels  were  easily  obstructed  by  growing  weeds  which 
retained  silt,  so  that  the  t»utlets  to  the  tile  were  in  many  cases  covere<l 
witii  earth  and  their  efficiency  iinpair«'d.  During  the  past  two  years 
large  tile  have  been  substituted  for  the  open  tlitches.  the  largest  being 


734 


IBRIGATION    AND   DRAIKAGE    INVESTIGATIONS,   190*. 


l.i-iiu'lu  which  wei-e  placed  at  an  uvi>ruge  depth  of  4.5  feet  or  1.5 
deejxT  tliaii  tho  opMi  channels.    The  size  used  was  necessary,  beanu 
of  the  area   of  land   lying  above   the  drains   through    this  cour 
The  entire  farm  can  now  I)e  cultivated. 

^^^^il(•  no  record  was  kept  of  the  grades,  it  is  probable  that  the  tin 
of  ir»-inch  tile  was  laitl  on  a  grade  of  0.04  to  O.Otj  foot  jier  100  h 
and  the  sumllfr  tile  on  slijrlitly  increased  grades.  No  tile  drains  !u« 
been  taken  up.  the  later  lines  having  in  all  cases  followed  the  genec 
direction  of  the  old  open  <litche-s.  The  farm  yields  larpi'  crops  nf 
corn.  oats,  and  rye,  to  which  tlie  laud  seems  to  be  adapted.  It  b 
now  considered  worth  $100  per  acre. 

I.UKIN,  THOMAS,  M.\TTHEW8,  COIIEV,  AND  DAVIS    FARMS. 

The  conditions  of  these  farms  as  to  soil,  topography,  drainage,  and 
cro])s  aiv  similar  to  those  nf  the  P^llsworlh  farm  just  describi'd 
land  is  slightly  rolling.  diversiMcd  hy  swales  and  ritlg;es  formi 
pt»ckets  which  collect  the  niiiifall.  With  the  exception  of  the  rid 
where  sjMits  of  while  chiy  occur,  the  soil  is  generally  a  bur  oak 
black  hiam.  The  ^ubsoil  ai'  tlic  Idack  lands  permits  the  ivadv  j 
sage  of  water,  while  ihiit  of  the  clay  lanils  is  tenacious,  requirii 
drains  at  frctjiicnt  iulcrxals.  Five.  <»,  and  sometimes  S  iin-h  tile  ar? 
used  as  mains  and  siihuiains,  and  lln'  lalci'al  drains  are  4-iiich  tile. 

With  regard  to  the  size  of  main  drains,  Mr.  Davis,  a  tile  mnniifj 
tnri'r.  nf  Madison  C'niuily.  says  that  an  S-inch  tile  will  drain  80  ar: 
a  l"J-iueh  "iOO  acres,  and  a  l.'i-iuf-h  ."»00  acres.  Aside  from  such  ru 
as  these,  no  method  of  estimating  the  size  of  drains  appears  to  have 
Ix'en  used.  The  farmers  have  usually  fnllowefl  the  |)lari  of  adding 
lines  of  4-incIi  tile  year  liy  year  as  needed.  If  the  drainugt'  prov^l 
insu(!i<Ment,  another  line  of  4-inch  tile  was  laid  a  few  rods  distant.  In 
some  instances  lines  nf  tile  were  laid  oidy  in  the  swales,  wliile  in 
others  a  systematic  arrangement  of  4-inch  laterals  at  intervals  of 
to  3  rods  in  clny  soil  and  <>  to  8  rods  in  black  soil  was  followed. 

Concerning  the  depth  at  which  tile  should  i>e  laid,  there  seems 
be  some  difference  of  opinion.     Some  owners  of  the  farms  here  noi 
advocate  the  laying  of  tile  4  feet  deep,  while  others  contend  that 
inches  is  sufficient.     It  is  also  claimed  that  tile  may  l>e  laid  deejicr  i 
clay  land  than  is  generally  practiced,  for  though  the  land  nniy  m 
drain  so  well  during  the  first  year  after  construction,  it  has 
found  tliat  the  tile  will  operate  satisfactorily  after  two  or  three  yea 
since  the  soil  Ix-comes  more  open  and  aerated  by  the  action  of  t 
drains.     It  is  said  that  drains  4  feet  deep  may  be  laid  twice  as 
apart  as  those  '2.5  to  3  feel  deep.     This  "rule  of  thumb"  method  il 
followed  by  the  farmers  in  this  loenlity  to  a  considerable  extent. 

As  a  rule,  no  grade  was  established  before  laying  the  tile.     The 
oi'dinary  method  followed  was  to  begin  at  the  outlet  and  use  the  flo 
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the  trench 


guide 


Ti/ing  proposed 


Tiling  propo3t<f 


ot  tiie  water  m  tne  irencn  as  a  giufie  in  preparing  ti>e  1)ott*im  of  the 
diteh.  On  this  account  most  farm  tiliufr  was  ami  is  yet  done  in  the 
spring,  when  there  is  an  ahundanee  of  water.  .Some  of  the  lines  are 
aijpiirently  laid  almost  on  a  level,  as  the  head  of  water  in  the  soil  is 
consiilered  suflieiiMit  to  cause  a  How. 

Few  records  of  the  cost  of  the  work  can  be  obtained,  as  it  was 
mostly  done  by  the 
farmers     them- 
selves,   who    have 
kept    no   accounts. 

The  tirainagf  uf 
these  farms  has 
made  a  better 
method  of  culti- 
vation possible  and 
permitted  an  in- 
telligent rotation 
of  crops  to  be  i'ul- 
lowe<h  which  was 
not  the  case  licforc 
the  entire  farm 
was  fitted  for  cul- 
(ivati(jn.  It  is 
commonly  nsserteil 
that  cro|)s  have 
Ihhmi  douljled  and 
even  trebled  by 
these  improve- 
ments, instances 
being  given  in 
which  the  yield 
i)f  corn  per  aci'e 
has  been  increased 
from  25  to  80 
bushels.  Of 
coui-se  a  part  of 
this  increase  may 
be     attributed     to  fi.i.  ia4-i.ukinf«rm. 

l)etter  methods  of  farming  and  the  use  of  ]n*oper  fertilizers.  Not 
among  the  least  of  the  benefits  nuiy  Ih'  mentioned  the  incn-ased 
healthiness  of  the  commrniity,  everyone  consulted  stating  that  fevers 
and  ague,  which  prevailed  previous  to  the  drainage  of  the  lands,  are 
now  unknown. 

Liikhi  farm. — The  farm  of  Mr.  Lukin  contains  100  acres  and  was 
in  some  resjiects  quite  difficult  to  drain  because  of  a  lai-ge  Hat  or  pond 
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near  its  center.  The  first  attempt  at  drainage  was  made  near  the 
center  of  the  farm,  at  which  place  two  large  wells  were  dug  into  tlir 
gravel  stratirm,  which  lies  (J  to  7  feet  Ijelow  the  surface,  and  lined 
witli  Itriclv    (fig.    I'i4).     .•Several   lines  of  (ile  were  discharge«l   into 

the.se  wells,  the  water 
passing  thrf>iigh  the 
gravel,  which  .served 
as  an  excellent  out- 
let except  during  the 
spring  months,  when 
it  failed  to  operate 
satisfactorily  Ije- 
cau-se  the  water  was 
delivered  into  the 
wells  faster  than  the 
gravel  could  remove 
it. 

During    the    year 
10(>4   the  owner  suc- 
ceeded  in   getting   a 
county      tile       drain 
through     his      farm, 
which  affords   him  a 
gooil   outlet,    and    he 
now  proposes  to  drain 
his  place  thoroughly 
The    plat    represen 
what    has  been    dom 
to  the   present    time, 
and    also    the    work 
proposed.      In    de- 
signing   the     sy.steni 
the    owner    has    fol- 
lowed the  l()cal  prac- 
tice, and  proposes  to 
lay    his   tile   "2    to 
rods    apart    in    clay 
soil  and  t>  to  1^  rods 
apart    in    the    niort> 
porous,     black      soil. 
The  depth  of  drains  is  about  30  inches  in  clay  and  a  few  inches  deejKM- 
in  the  black  soil. 

Thowttx  farm. — The  Thomas  farm  of  120  acres,  located  3  miles  eas 
of  IVndleton.  is  slightly  rolling  and.  like  the  one  previously  descrilied, 
has  a  soil  of  black  loam,  with  some  spots  where  a  tough  white  clay  ifl 
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found.  Tlip  present  owner  has  been  identified  with  its  drainage  .sinw 
1871.  Wooden  drains  -1  to  f)  inches  liigh  mid  12  to  15  inches  wide 
inside,  built  of  split  timber  and  laid  without  Ixittom,  were  first  used 
(fijj.  12."»).  Nothino;  is  known  fif  thr  niefhod  of  layin"  these  drains 
except  that  they  were  18  to  2-1  inches  below  the  surface.  Tliey  were 
used  because  enrthen  pipe  was  at  that  time  difficult  to  get  and  costly. 
^\nien  tile  could  be  obtained  at  a  reasonable  price  a  Ti-incli  main  was 
laid  lliroiigh  the  center  of  the  swale,  as  shown  npon  the  plat.  Each 
succeeding  year  a  string  of  tile  was  added.  The  owner  soon  found 
his  C.-iuch  main  too  small  and  supplemented  it  by  an  8-inch  tile, 
which  he  laid  liy  (he  side  of  the  first  drain.  Some  farmers  object 
to  laying  two  lines  of  tiling  close  together,  a.s,  in  some  instances,  the 
water  forms  a  channel  between  them  and  undennines  the  tile.  No 
trouble,  however,  has  bi'cn  experienced  with  these  drains.  Nearly  all 
the  laterals  are  4  inches  in  diameter  and  laid  where  most  needed, 
usually  through  surface  depressions.     Marked  succeiss  has  attended 


lalit  futlie  Drain 


Igln  Pvblie  Orjin 


/o>/t  PuNic  Orjin 


/?0»e^ 
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the  tiling  of  wet  clay  spots,  which,  when  drained,  cjin  lx»  plowed  the 
day  following  any  ordinary  rainfall.  The  depth  at  which  tile  were 
hii<l  in  this  farm  varies  from  18  inches  to  6  feet,  though  30  inches  is 
regarded  as  tlie  standard. 

The  owner  did  the  work  with  the  as.sistance  of  his  farm  help,  locat- 
ing the  lines  as  his  experience  year  by  year  suggested,  and  grading 
the  ditches  by  the  water  method.  Neither  the  exact  Jm^ation  of  the 
drains  nor  the  cost  of  the  work  is  known.  It  is  learned  that  the  first 
lot  of  4-inch  tile  used  cost  80  cents  per  rod,  which  is  at  least  double 
cia'rent  prices. 

MntthewH  farm. — The  Matthews  farm  of  120  acres,  lying  about  G 
miles  northeast  of  Anderson,  up  to  fifteen  yeai-s  ago  liad  no  ilrninage 
except  a  small  open  ditch  extending  from  a  pond  to  the  public  road 
(fig.  126).  The  farm  is  generally  (]nite  level  with  the  exception  of  a 
knoll  in  the  center,  upon  which  the  buildings  ai-e  located.  The  soil 
30620— No.  158—05 17 
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is  the  usual  l)lack  oak  loam  intcrspei-sfd  with  spots  of  clay,  the  subsfii! 
being  tenaci«)us  antl  wet.  except  when  artiticially  drained. 

The  work  lias  Ix-en  done  entirely  by  the  owner,  no  system  being  fol- 
lowed except  to  lay  lines  of  tile  from  time  to  time  where  tlie  ground 
appeared  to  Ik'  wet.  No  record  of  the  work  has  bwn  kept,  the  plat 
here  {riven  showing  oidy  such  particulars  as  could  lie  de^'scrilH^l  bv  tht? 
owner  from  memory.  On  the  east  side  the  work  is  unfinished,  but 
elsewhere  the  farm  is  drained  to  the  satisfaction  of  the  owner. 

Corey  farm. — Mr.  Corey,  near  Andei-son.  has  drained  his  land  more 
systematically  than  many.  His  experience  in  tiling  several  farnv 
indicated  to  him  that  tile  were  usually  of  t(X)  small  size  and  laid  too 
shallow.  In  revising  his  drainage  plans  he  gives  no  attention  to 
existing  lines,  but  locates  the  drains  as  systematically  as  possible.  He 
has  tile  laid  upon  hillsides  and  also  upon  the  top  of  the  bill  land.  In 
clay  soils  he  lays  his  lines  -1  to  3  rods  apart,  but  in  the  black  loam  the 
intervals  are  8  rods  or  more.  He  advocates  laying  the  lines  as  deep 
as  3  feet  in  clay  and  deeper  in  black  soil. 

Davis  farm. — Mr.  Davis,  a  tile  manufacturer  located  southwest  of 
Anderson,  owns  a  farm  of  liOO  acres,  most  of  which  is  systematically 
drained.  In  clay  land  he  placets  the  lines  at  intervals  of  •!  to  8  rmls, 
and  in  black  land  7  to  8  rod.s.  His  practice  is  to  locate  the  lines  irre- 
spective of  the  swales,  which  sometimes  necessitates  placing  the  drains 
at  a  depth  of  i)  to  10  feet. 

MIAUI  OOUNTT. 

The  farm  of  Andrew  J.  Phelps,  consisting  of  160  acres,  is  located 
1.5  miles  east  of  Bennetts  Switch.  The  surface  is  slightly  rolling. 
Thr  soil  is  black,  underlaid  with  <[uite  |)enueable  clay,  and  is  injuivnl 
greatly  if  worked  when  wet.  The  original  drains,  which  were  put  in 
about  1S75,  were  made  of  timber  and  placed  in  lines  1(5  to  •J.'i  rods 
apart  (fig.  127).  The  general  depth  is  30  inches,  though  in  some 
cases  a  deptli  of  7  feet  is  reached  in  passing  through  ridges.  The 
grades  varied  from  i  to  3  inches  per  rod.  The  size  of  tile  used 
upon  this  land  varied  from  4  to  8  inches.  The  plat  shows  the  general 
arrangement  of  the  di"ains.  No  accurate  account  of  the  cost  was 
oblaiuablc. 

HOWAUD  COUNTY. 

Tlie  George  Ehrmnn  fann,  of  KJO  acres,  located  7  miles  west  of 
Kokomo,  is  rep<jrled  ui)oii  quite  fidly  by  the  comity  surveyor  (fig. 
1'28).  The  soil  is  black  sandy  loam,  18  to  24  inches  deep,  underlaid 
with  clay.  It  was  formerly  covered  with  timber,  the  sugar  tree, 
bla<k  waliuit,  and  poplar  being  the  prevailing  kinds.  As  in  other 
faniib  described,  the  drains  are  placed  about  30  inches  deep,  and  on 
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this  farm  nearly  all  discharge  into  natural  otitlets.  They  are  re- 
ported as  giving  good  service.  It  is  noted  that  the  grades  arc  all 
good,  varying  from  2  to  3  inches  per  100  feet.    The  usual  price  paid 


Flo.  127.— Phelps  fann. 

for  excavating  the  ditches  and  laying  and  covering  the  tile  was  alx)ut 
'2.')  cents  ]wr  rod.     The  cost  of  the  tile  used  was  as  follows: 

Cents 
|MT   r<Ml. 

:!}-inch 1<! 

■l-ilich ...        2fl 

."•-Inch ...    "Jn 

<;-iii(ii --  .- :m) 

7-iiicli .  40 

The  report  upon  the  etl'ect  of  the  drains  says  that  the  soil  is  made 
more  j)orous.  permitting  it  to  dry  more  readily  after  heavy  rainfall 
and  alTording  .better  aeration.  In  dry  weather  a  greater  amount 
of  moisture  is  retained,  the  effect  of  which  is  to  increase  the  usual 
i-orn  crop  in  a  wet  season  about  .')0  per  cent  and  in  a  dry  season  about 
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25  per  cent.  The  effect  upon  the  land  for  wheat  growing  is  more 
marked,  since  drainage  prevents  the  heaving  out  and  consequoit 
destruction  of  the  plants. 

No  drains  have  been  taken  up  and  relaid,  all  seeming  to  now  oper- 
ate satisfactorily.    It  is  noticed  that  malaria,  which  was  formerly 


Fig.  128.— Oeorge  Ehrmau  farm. 


prevalent,  has  disappeared  and  tliere  is  a  marked  improvement  in 
the  healthiness  of  tlie  locality,  as  instanced  by  the  fewer  cases  of 
typhoid  and  other  diseases. 

The  following  table  is  given  by  Mr.  William  A.  Ehrman,  county 
surveyor,  for  determining  the  sizes  of  tile  for  drainage  in  this  vicinity, 
laid  upon  different  grades: 


DEAINAGE    INVE8TIOATION8, 


741 


She  of  tiles  for  different  grades. 


Size  of 
tUe. 


Inches. 
4 
4 
4 
5 
5 
5 


Grade 


Area 


rJ'A^^. 


Foot. 

0.15 
.20 
.25 
.15 
.20 
.25 


Aeret. 
23 
26 
29 
40 
40 
SO 


1  Size  of 
1     tile. 

Grade 

per  1(10 
feet. 

Area 
drained. 

Inches. 
6 
6 
6 

7 

T 
i  T 
1 

Foot. 

0.15 
.20 
.25 
.15 
.20 
.25 

Acret. 

est 
re 

80 

92 
lOB 
128 

TIPTON  COUNTY. 

The  Bennett  farm,  consisting;  of  40  acres,  6  miles  west  of  Sharps- 
A'ille,  has  been  satisfactorily  drain«d  at  quite  small  expense  (fig.  120). 
The  soil  is  10  to  U 
inches  deep,  under- 
laid with  heavy 
c  1  a  y.  The  first 
drains  were  made 
by  placing  split 
rails  10  to  15  feet 
long  in  the  bottom 
of  trenches  and 
covering  the  rails 
with  slabs.  The 
drain  tile  first  used 
were  2.5  and  3 
inches  in  diameter 
and  were  laid  only 
18  to  24  inches  deep. 
Later  larger  tile 
were  used  and  were 
laid  at  a  depth  of 
40  inches.  The  owner  has  attended  to  all  of  the  draining  person- 
ally and  has  located  the  lines  whei-e  in  his  judgment  they  were  needed. 
The  grades  arc  1  to  3  inches  per  100  feet.  Drainage  has  cost  about  1 
cent  per  rod  for  each  inch  of  depth,  and  hauling,  laying,  and  filling 
about  5  cents  per  rod.  The  land  which  he  bought  for  $25  an  acre  is 
liow  valued  at  $95.  He  estimates  that  the  drainage,  aside  from  other 
improvements,  has  enhanced  the  value  of  the  farm  fully  one-half. 

COMICENTS. 

An  examination  of  the  tile  drainage  of  Indiana  farms  herein  de- 
scribed brings  out  the  manner  in  wliich  the  work  was  ordinarily 
accomplished  in  the  earlier  development  of  the  improvement.  Atten- 
tion may  l)e  profitably  directed  to  a  few  of  the  characteristics  which 
appear. 
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Fio.  129.— Beunett  farm. 
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The  black  loiim  soil  is  «){)en  and  consequeutly  easy  to  drain,  so  that 
it  has  not  been  foiiiul  necessary  to  place  the  line.s  of  tile  at  frequent 
intervals  except  wlierc  the  surface  soil  is  (|uite  lar<rely  eonjiM>se(l  ol 
<'lay.     l^iu'  plan  generally  followed  has  consisted  in  pla<*iiig  the  dra 
tile  where  open  ditches  were  first  made,  and  supplementing;  these 
lines  of  tile  thronwh  the  wet  places.     The  surplus  water  readily  pas- 
tiiroiigh  the  sttil  Ui  these  dniins  with  the  assistance  of  such  few  latera 
as  have  been  used,  thus  reducing  the  number  of  lines  to  the  mlnimuii 
Tlie  distance  iH'tween  Intends  whi'iv  thev  are  in  parallel  lines  appeal 
to  be  no  less  than  lii  rods,  while  it  is  not  inicoinmon  to  find  drains  S 
rods  apart. 

The  presence  of  a  clay  subsoil  at  a  flejith  of  L'4  inches  or  less,  in  suci 
sharp  contrast  to  tlie  top  soil,  has  led  tf)  the  placing  of  drains 
inches  deep,  except  where  greater  depth  was  necessary  to  obtain  suffi- 
cient grade.     The  n[i]>er  line  of  the  tile  is  just  below  the  level  of  tin 
j>enneab!e  soil,  lUid  al  this  depth  they  appear  to  render  efficient  .serv- 
ice, though  it  should  be  noted  that  e.x|)eriments  with  deeper  drai 
have  given  satisfactory  results. 

The  si>!e  of  the  drains  ii.sed  is  perhaps  the  most  variable  feature  o 
the  work.     \>'hile  the  farms  are,  in  the  estimation  of  the  owners,  sat 
i.sfactorily  drained,  it  is  readily  seen  that  as  far  as  the  size  of  tile  is 
concerned,  unnecessary  expense  has  been  incurred  on  some  of  thc^ 
farms,  provided  all  are  equally  well  drained.     In  one  instance  it  iaifl 
noted  that  on  the  same  farm  f>-inch  tile  is  used  on  one  part  for  the 
drainage  of  'J  acres,  while  in  another  part  the  same  size  serves  20 
acres.     But  little  difference  in  size  is  noted  l>ctween  the  drains  laid 
upon  light  and  upon  heavy  grades,  lines  having  l>een  adde«l  until  the 
laud  was  drained  to  the  satisfaction  of  the  owner.     It  is  notii-ed  tliat^ 
the  sizes  of  pijjes  used  for  mains  and  submains  are  far  larger  tbanfl 
those  suggested  in  the  table  {)f  Mr.  Ehnnan,  surveyor  of  TTf>ward 
County  (see  p.  741).     P2ven  with  careful  work  in  location  and  con- 
struction it  is  doubtful  if  the  size.s  sugge.sted  will  meet  the  requirt»- 
ments  of  drainage  for  field  crops  except  where  relief  by  suijpleinentarv 
drains  is  provided.     However,  later  practice  elsewhere  may  be  ciKhI 
lo  show  that  where  grades  are  carefully  adjusted  and  followed  in 
construction,  the  size  of  drains  may  be  considerably  dinnnished  with- 
out affecting  their  efficiency.     As  examples  of  the  sizes  of  outlets  or 
their  equivalents  used  on  .some  of  the  farms  described,  the  following 
may  be  mentioned: 


I 


:i-i[i<'ii  nie. 


40  acres,  one  !l-iuc|j  tile. 

80  acres,  out>  lO-liieli  and  inii 

80  acres,  oue  il-incli  tUe. 

80  acres,  two  lO-im-li  tiles. 
IC^  ocres,  fdiir  !i-ltic1i  tiles. 
100  aeres,  one  ti-incti  nnd  one  8-luch  tll& 
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The  fann  which  has  the  largest  drainage  outlet  capacity  per  acre 
has  drains  laid  on  the  steepest  grade,  so  that  it  is  quite  evident  that 
there  is  much  room  for  modifications  in  the  size  of  drains  were  the 
work  to  be  done  in  accordance  with  our  present  knowledge  of  such 
matters. 

The  lack  of  facts  regarding  the  cost  of  these  improvements,  as  well 
as  lack  of  method  in  constructing  the  drains,  might  be  expected  in 
the  instances  described,  especially  since  the  work  was  largely  one  of 
experiment  from  year  to  year. 
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